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The Plecia of the Pacific and Southeast Asia 
( Bibionidae—Diptera ) 


D. ELMO HARDY 


IN THE PACIFIC REGION the tamily Bibionidae 


is almost restricted to the southwest portion 


ot the hemisphere (Melanesia, Australia, and 
Malaysia 
palauensis Hardy 


and— except tor one species Plecia 


from the eastern Caroline 
Islands the group is completely lacking in 
all of Micronesia and Polynesia. Beyond a line 


north and east of the Philippine Is 


N cw 


Caledonia, 


drawn 


lands, Guinea, Solomon Islands, and 


New 


abundant, especially species of the 


bibionids become rather 
venus 
Plecia. The species of the southwest Pacitic 
show relationships with those of Indonesia 
and Malaya and The 
study includes Ceylon, Burma, Thailand, In 
and Malaya as 


Forty STN 


southeast Asia resent 


dochina well as the Pacific 


region species and one subspecies 


are now known trom this portion of the world 


I have accu lated these data over a 


j 


iave studied all 


these areas 

tollowing entomologists 
from various institu- 

Dr. M. , ett and Dr. H 

ma. Riksmuseum van Natuurliyke 

Leiden, Hol! 

Museut ZK 

lonesia; Ds 

scum A! 


Muse i! atu | story 


tions Bosch 
Historie, 


Wegner, 


, London 
Crressitt Bis op Museu 
{ S. National 
Naturl 


' 
DISTOTISCHES 


lan Stone 


1 
Dcier, 


Museum, 


Wien; and Dr. Delfa Guiglia, 


Museo Civico de Storia Naturale, Genoa 


KEY 


rO PLECIA OF THE PACIFI¢ 
SOUTHEAST ASIA, BASED UPON MALES 


REGION AND 


tri- 
Plecia) 2 


Ocelli present, situated on a raised 


angle Plecia 


Ocelli and ocellar triangle lacking. Eyes 


of male joined on the tront up to the top 


of the vertex. (New Guinea 


Plecia Heteroplecia visenda Hardy 


Thorax dark brown to black 3 


Thorax usually predominantly rutous, in 


a tew species the mesonotum ts discol 


ored brownish the turrows and 


1 thar 
read put 


sides are rufous 15 


; 


Ninth tergum 


margin, 


vrentaiy concave on hin 


not cieft over one-third the 


h of the segment 


} t . ] 
without a sciero 


Australia 


erebea Skuse 


aspers simpie, | | I Hwan mar 


gin ot ninth sternum with a sharp-pointe 


Java) .tenebrosa n.s} 


lobe (Fig. 26a 


sides of mesonotul 


Me sonot 


with tront an 





Claspers well developed, extending well 


beyond apices of ninth sternum. Lobes of 


ninth tergum converging and each with 
a strong apical spine (Fig. 174). (New 
Guinea Magnispina n.sp. 


Claspers minute, lobes of sternum strong- 
ly developed, lobes of tergum diverging, 
not bearing an apical spine (Fig. 24). 
(Ceylon rufilatera Edwards 


Posterior lateral margins of ninth ster- 
num strongly lobate, the apices extend 
well beyond tips of claspers and near or 
beyond apices of ninth tergum 8 


Ninth sternum rounded on posterior lat- 
eral margins, the slightly developed lobes 
do not extend over half the length of the 
claspers or the lobes of the ninth tergum. 
(Java) morosa Edwards 


Ninth sternum produced into a broad, 
flat-topped, heavily sclerotized lobe pro- 
truding from the median margin. (Phil- 


lippine Islands cana Hardy 


Ninth sternum not developed as above .9 


Ninth tergum expanded laterally, from 
lateral view it is equal or wider than ster- 
num so that from side view the genitalia 
are wider than long (Fig. 74). Ninth ter- 
gum divided into two plates by a very 
deep clett, the plates are joined at bases 
only by a narrow sclerotized line; sides of 
clett straight or slightly expanded in 
middle 10 


Ninth tergum not expanded laterally, 
about one-half as wide as sternum and 
genitalia much longer than wide (in lat- 
eral view). Cleft of tergum not so deep 
and V- or U-shaped 11 


Lobes of ninth sternum comparatively 


broad, rounded at apices, serrated on 
inner apices, over two times wider than 
claspers (Fig. 74). (Netherlands New 
Guinea ) disjuncta n.sp. 


Lobes of sternum slender, slightly curved 
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and pointed at apices; beyond middle 

they are not as wide as the claspers (Fig. 

19d). (Northeast New Guinea) 
monticola n.sp. 


Claspers small, rounded at apices, with a 
sharp-pointed subapical lobe on inner 
margin. Claspers extending scarcely one- 
third as far as lateral lobes of sternum 
(Fig. l4a). (Borneo). fumidula Edwards 


Claspers of moderate size, not so shaped 
and extending nearly as far as lobes ot 
sternum 12 


Claspers blunt and rounded at apex as 
seen from a direct ventral view (Fig. 29a 
From a lateral view a pair of dorsally 
projected lobes are developed. Mesono- 
tum subshining in the furrows. ( Java 
tristis van der Wulp 


Claspers not as above, with no secondary 
lobes on dorsal surface. Mesonotum en- 
tirely opaque 13 


Claspers rounded or subacute atapices 14 
Claspers square upped Borneo 
fumida Edwards 


Claspers strongly curved, with a capitate 
rounded apical lobe and the basal portion 
slightly hollowed out and expanded lat- 
erally. Sternum with a pair ot moderately 
large submedian lobes. Antennae 9- 


segmented. (Indonesia furva Hardy 


Claspers subacute, not capitate, basal 
portion not hollowed out and with inner 
basal margins joined by a narrow sclero- 
tized bridge. Ninth sternum without sub- 
median lobes. Antenna &8-segmented 


(Caroline Islands palauensis Hardy 


Thorax dull red with 3 brownish red vit- 
tae extending down mesonotum. Pleura 
discolored with brown on upper portion 

16 
At least mesonotum bright orange to 
rufous, sometimes with a brown to black 
spot on front margin 17 
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16. 


Lobes of ninth tergum ending in a strong 


apical spine. Posterior lateral margins of 


ninth sternum developed into slender 
lobes (Fig. 17a). (New Guinea) 
Magnispina n.sp. 


Lobes of tergum not bearing an apical 


spine. Posterior lateral margins of ster- 
num not developed as above (Fig. 5 


(New Guinea decora Hardy 


Thorax all rufous except for a brown to 
black spot on upper portion of pleura in 
sundaensis Hardy 18 


Pleura predominantly brown to black .35 


Ninth tergum and sternum fused on the 
sides and forming a capsule around the 
internal genital structures. The claspers 
and the structure of the sternum cannot 
be seen except in end view (Fig. 22a 


Philippine Islands parva Malloch 


Genital sclerites not fused. Claspers and 
other structures exposed 19 


Ninth tergum not strongly produced at 
apices, not extending beyond sternum or 
tips of claspers 20 


Ninth tergum strongly lobate, extending 
two times the length of sternum (Fig 
11/ Indonesia, Indian Ocean) (some 
specimens may run here 


forcipata Osten Sacken 


Ninth tergum gently concave on hind 
margin, the concavity extending not over 
one-half to base of segment (Fig. 16: 

Java lieftincki n.sp 


Ninth tergum deeply cleft, nearly to base 
of segment 21 


Ninth sternum with a pair of submedian 
sharp-pointed lobes, equal in length to 
remainder of sternum (measured on a 
median line) and extending nearly to 
apices of claspers. Also a narrow-pointed 


median lobe present (Fig. 284). Lateral 


187 


margins of sternum not produced. (Wet- 


ter Island, Indonesia tridens n.sp. 


Not as above 22 


Lateral lobes on hind margin of sternum 
narrow, strongly curved inward; median 
portion with a cleft which is expanded 
basally (Fig. 304). (Malaya 

varians Edwards 


Lateral lobes not curved as above and 
sometimes with a slightly expanded 
median cleft only in sabvarians Walker 

23 


Ninth sternum very broad and narrow, at 
least two times broader than long. 
Claspers joined at bases, equal in length 
or longer than ninth sternum, measured 
through median portion of sternum. .24 


Ninth sternum as long as wide. Claspers 
much shorter than sternum 26 


Claspers blunt, broadly rounded at apices 
Fig. 84). (Ceylon and India 
dispersa n. name (for thoracica Guerin 


Claspers narrowed apically 25 


Posterior lateral margins of ninth ster- 
num produced into pointed lobes. Pos- 
terior lateral margins of ninth tergum 
produced. Ocellar triangle tiny in male, 
the entire triangle is equal to only 3—4 eye 


tacets. (East Indies). javensis Edwards 


Posterior lateral margins of ninth ster- 
num and ninth tergum not so produced 
(Fig. la, ¢). Ocellar triangle normal, each 
lateral facet equal to about 3 compound 
eye tacets in length. (Australia, New 
Hebrides, Papua, Solomon Islands 


amplipennis Skuse 


Lobes on posterior lateral margins of 
sternum slender stemmed, enlarged at 
apices. (Philippine Islands 

mayoensis Hardy 


Lobes of sternum not capitate 27 





Ninth sternum with a pair of closely 
placed lobes at middle of hind margin, 
separated by a narrow V-shaped cleft. 
Posterior lateral margins of sternum not 
lobate 28 


If ninth sternum has median or sub- 
median lobes on hind margin they are 
well spaced by a broad U-shaped cleft. 
Posterior lateral margins strongly lobate. 


29 


Median lobes of sternum very strong, 
claspers not visible from a ventral view 
Fig. 24). Ninth tergum with a broad U- 
Shaped clete (Fig. 2 Aru Islands 

aruensis Edwards 


Median lobes comparatively small, clasp- 
ers extending strongly beyond hind mar- 
gin of sternum (Fig. 34). Ninth tergum 
with a narrow V-shaped cleft (Fig. 34): 


Philippine Islands bakeri Malloch 


Claspers tiny, inconspicuous, and partly 
or completely tused with ninth sternum 
Median portion of hind margin of ninth 
sternum produced into a broad heavily 
sclerotized capitate projection, either 
truncate at apex or terminating in a pair 
of blunt lobes and extending beyond 


apices of lateral lobes of sternum 30 


Claspers well developed, distinctly artic 
ulated with the sternum. No such de 
velopment of a median lobe 31 


Median process of sternum truncate at 
apex. (Philippine Islands 
zamboanga Hardy 


Median process developed into a pair of 
blunt lobes at apex (Fig. 134). (Sumatra, 
Philippine Islands 


fulvicollis (Fabricius 


Ninth sternum with a median moundlike 
lobe on hind margin 32 


No median lobe on sternum 33 
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Lobes on posterior lateral margins of 
ninth sternum rounded at apices, sepa- 
rated at bases by the widch of the lobe at 
this point. No submedian lobes on ster- 
num. Claspers truncate, pointed at outer 
apices (Fig. 21@). (Australia 
ornaticornis Skuse 
Lateral lobes rather slender pointed, 
widely spaced, separated by tour times 
their width at base; a pair of small sub 
median lobes present on hind margin 
Claspers rounded at apices (Fig. 23 
Kei Island, Indonesia 

ruficornis Edwards 


Lateral lobes of sternum slender and 
elongate, extending about two times the 
length of claspers and more than two 
: ys 
times longer than the submedian lobes 


on hind margin 4 


Lateral lobes tapered to a point, extend 


inv scarcely beyond apices 


and submedian lobes. (Indonesia 


sundaensis Hardy 


Ninth sternum extending well beyond 
apices of tergum, so tergum 1s not 
plainly visible from direct ventral view 
The submedian lobes of sternum rounded 
Clett in middle of hind margin of tergum 
narrow, about one-sixth the width of ter- 
gum and extending only two-thirds the 
length of segment on the middle line; 
the lobes of the tergum are rather quad 


rate. (Siam siamensis Hardy 


Ninth tergum extending almost to apices 
of sternum. Submedian lobes of sternum 
with a subapical point on outer side 
(Fig. 254). Clete of tergum broadly V- 
shaped about one-third as wide as ter- 
gum and nearly bisecting segment (Fig 


25a Indonesia subvarians Walker 


Posterior margin of ninth sternum with a 
pair of elongate submedian rodlike lobes 
46 


No such rod-shaped lobes 37 





Ple tld 


40. 


HARDY 


Lobes of ninth tergum widely divergent 
at apices. The claspers extend well be 
yond apices of lobes on hind margin of 
sternum. Both lobes on posterior Margin 
of sternum about equal in size, neither is 
one-half as long as clasper. (Bougain- 
ville, Solomon Islands). gurneyi Hardy 
Lobes of ninth tergum not divergent 
( lasper 5 extending to apices of ro {- 


like lobes. Upper lobe on each side ot 


; 
sternum as long as clasper. (Solomon 


Islands laffooni Hardy 


Ninth sternum with a large semimem 
branous extension on hind margin pos 
terior median portion), this is longer 
than the ainder ot segment and two 
thirds as long as claspers. A very strong 


acCCeSsSsory ac leagal 


Structures @€x 
Posterior lat- 
sternum with a pair of 
' ' , ' 
Solomon Islands 


manni Hardy 


38 


sternum ofr tergum forci- 


pate produced at apices into slender 
pointed lobes, about equal in length to 


remainder of seyment and often curt 


inwardly 


Ninth sternum or tergum without forci 
pate lobes; lobes not one-half the length 
n rounded at apices 


oft seyment and tergu 


Ninth tergum forcipate, sternum not 
Ninth sternum torcipate, tergum not.42 


Front portion of mesonotum with a large 


Posterior lateral 


in middle 
mMaryins Of ninth sternum produced into 
pointed lobes (Fig. 4a). (Burma 
burmensis n.sp. 


Mesonotum entirely rutous. Posterior 
lateral margins of sternum not produced 


+1 


189 


Claspers terminating in a slender spine 
like lobe on inner apex. Posterior median 
margin of sternum developed into a lobe 
which extends beyond posterior lateral 
Malay 


forficula Edwards 


margins of segment (Fig. 12a 


1 
Peninsula 


Claspers obliquely truncate at apices; no 
such lobe. No median lobe developed on 
sternum (Fig. 11/ Indonesia 

forcipata Osten Sacken 


No submedian lobes on hind margin of 
ninth sternum. ¢ laspers pointed on outer 
apices (Fig. 184). Ninth tergum nearly 
quadrate in shape, truncate at apices 
Fig. 18 Peninsular Siam 


malavaensis Hardy 


Narrow submedian lobes present along 
sides ot each clasper, claspers not pointed 
Fig l4a 


subacutely pointed at apices +3 


on inner side Ninth tergum 


Clas} CT pro luced into a Sharp 

ted beaklike subapical lobe on inner 
Fig. laa New Britain 

fumidula diversa n. sub. sp. 


laspers rather triangular, without a beak 

( tl 

like point (Fig. 15a New Guinea 
inconspicua Hardy 


Ninth sternum with two or three well 


developed lobes on posterior median 


margin. No lateral lobes +5 


Ninth sternum without conspicuous me 


dian lobes +6 


Ninth sternum with a pair ot lobes on 


posterior median marin separated by a 


U shaped concavicy, these extend be 
yond apices of claspers Borneo 


borneensis Edwards 


Ninth sternum with a pair ot rather small 
lobes, not extending half as long as 
claspers; a large flat-topped projection 
separates the two lobes. Claspers dentate 
apically (Fig. 6a). (Australia, Tasmania 
dimidiata Macquart 





Ninth sternum but slightly broader than 
long, hind margin not noticeably con- 
cave and with a pair of tiny median lobes. 


(Buru Island) buruensis Edwards 


Ninth sternum much wider than long, 
concave on hind margin and with no 
lobes in middle 47 


Posterior lateral margins of ninth ster- 
num drawn to a sharp point (Fig. 274). 
Claspers, seen in end view, bilobed at 
apex (Fig. 274). (Sumatra, Java) 
tergorata Rondani 


Ninth sternum rounded on posterior lat- 
eral margins. Claspers not bilobed. ..48 


Claspers acutely pointed at apices. Aede- 


agus with well-developed rodlike acces- 
sory structures extending to tips of 
claspers, these have two additional basal 
lobes 


Fig. 92). (Malaya, Borneo) 


dubia Edwards 


Claspers rounded at apices. Accessory 
structure not so developed. ( Java 
tjibodensis Edwards 


Plecia amplipennis Skuse 
Fig. la-c 
Plecia amplipennis Skuse, 1888, Linn. Soc. N. S. 
Wales, Proc. (2)3: 1372. 
Skuse later (1891, Linn. Soc. N. S. Wales, 
Proc. (2)5: 635) considered P. amplipennis as a 


FiG. 1. Plecta amplipennis Skuse. a, Genitalia, ventral view; 4, left clasper of typical amplipenni 
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synonym of P. fulvicollis Fabricius, but I be- 
lieve it is quite obvious that he was wrong. 
P. amplipennis agrees with fulvicollts only in 
having the thorax entirely rufous. The male 
genitalia are distinctly ditterent, refer to Fig- 
ures la and 136. The broad rounded lobes of 
the ninth tergum are very densely black haired 
(Fig. le). The clasping structures are acutely 
pointed at apices and are joined together at 
bases by a sclerotized bridge. The ninth 
sternum is two times broader than long and 
the aedeagus has a pair of rodlike accessory 
structures (Fig. 14). 

The female specimens are very similar to 
those of fu/ricollis Fabricius and arvensis Ed- 
wards except that the antennae are entirely 
dark brown to black. The temale antennae are 
ll-segmented. The front has a prominent 
longitudinal ridge extending trom the ocelli 
to antennae, this is entirely black; in arwensis 
the lower part is yellowish 

Length: Body, 6.0-8.5 mm.,; 
9.5 mm. 


wings, 7.0 
The species was described from Queens- 
land, Australia. I have studied specimens trom 
New 


Hebrides, Java, Papua, New Guinea, and the 


numerous localities in Queensland, 


Solomon Islands. The specimens trom areas 
outside of Queensland have been just slightly 
smaller and the claspers ot the male are not 
so slenderly pointed as in the typical torm 
Fig. la, 4). This was also pointed out by 
Hennig (1940, Arb. ber Morph. u. Taxonom. 


, ninth tergum 
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Ent. 7:254, Figs. 21, 22). Some variation has 

also been seen in the shape of the ninth tergum. 
Type in the Macleay Museum, Sydney. 


Plecia aruensis Edwards 


Fig. 2a-« 
Plecia aruensis Edwards, 1925, Treubia 6(2 
159. 


This species belongs in the fu/vicollis group 
by having the thorax entirely opaque orange. 
It is distinguished from all known species by 
the presence of a pair of large median lobes at 
the apex of the ninth sternum of the males and 
by the unusual development of the claspers. 

MALE: Antennae 10-segmented, the apical 
one, however, is very small and inconspicuous 
The scape and pedicel are yellow, the remain- 
der of the antennae brown to black. Ocellar 
tubercle very well developed. Thorax entirely 
opaque orange, except for a very 
middle of 
Thorax devoid of pile except tor a few pale 


narrow 


brownish 


vitta down scutellum. 


JV 


~ 


FIG. 2. Plecia aruensi 


Edwards. a, Ninth sternum; / 


. genitalia, dorsal view, ninth tergum removed; « 
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hairs on the sternopleura. Halteres dark brown 
to black, with pale bases. Legs all black and 
densely black pilose, all segments slender. 
Wings rather dark brownish fumose, stigma 
scarcely differentiated from the wing mem- 
brane. Vein Ro, straight and forming about a 
70° angle with R,,5. Costa extending nearly 
one-half the distance between the tips of Ry.» 
and M,. Cubital cell widely open in the wing 
margin but the cubital vein is bent down 
rather sharply at its apex. Abdomen black, 
densely black pilose, about equal in length to 
the head and thorax combined. Genitalia very 
densely covered with long black pile. Ninth 
tergum cleft nearly to its base on the hind 
margin (Fig. 2c). The ninth sternum is de- 
veloped into a pair of strong apical lobes 
which are separated by a V-shaped concavity 


> 


Fig. 24). Each ot these lobes is partially de- 
veloped into two lobes at its apex and each 
has a small inconspicuous ventral lobe on the 
dorsal surface. The dististyli are very unusual 


and apparently not functional as claspers 


. ninth tergum, 
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They lie rather deep in the genital chamber and 
are visible only from end view or when the 
genitalia are tilted back (as in Fig. 24). The 
dististyli are heavily sclerotized on their inner 
margins and appear to serve as supporting 
structures for the aedeagus; each has a small 
point at upper edge of the apex. 

Length: Body, 5.0 
8.0 mm. 


7.0 mm.; wings, 6.0 


FEMALE: Antennae 11-segmented, counting 
the small tip. The front is raised in the middle 
into a prominent ridge which extends from 
the ocelli to the antennae; this ridge is de- 
veloped into a strong tubercle just before the 
antennae. The front and face are brownish- 
black in ground color and densely grayish 
pubescent; the tubercle at the lower part of 
the front is yellowish in color. The wings are 
darker brown fumose than in the male. 

Length: Body, 7.0-9.5 mm.; 
12.0 mm. 


wings, 10.0 
The species has been found to be quite 
variable in size. Edwards said that it is smaller 
than fu/vicollis and the wing of his type was 
recorded as 5.0 mm. 
TYPE LOCALITY: Aru Islands. 
Type in the British Museum 
History 


Natural 


I have studied the type and numerous speci- 
mens from many localities in New Guinea 
(Netherlands, Papua, and Northeast), Aru, 
and Buru islands. 


Plecia bakeri Malloch 


Fig. 3a, / 


Plecta bakeri Malloch, 1928, Linn 
: OOS. 


Soc. N.S 
Wales, Proc. 53(5 
Fitting in the fu/vicollis complex because of 

the all rufous thorax and readily differentiated 

from all known Plecia by the genital characters 
of the male. The ninth sternum is produced on 
posterior median margin into a pair of slender 
lobes separated by a narrow V-shaped cleft. 

The claspers are rather slender, pointed, and 

curved inward, they extend about two-thirds 

their length beyond the apex of the sternum 


. Plecia borneensis Edwards, 1951, Jour 
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Fic. 3. Plecia 


ninth tergum. 


Fig. 3a). The ninth tergum ts divided into 
two plates by a deep V-shaped cleft on the 
hind margin (Fig. 4/ 

Length: Body and wings, 6.0-7.5 mm 

Described from Baguio, Benquet, Philip- 
pine Islands. I have seen specimens trom 
several localities on Luzon, Los Banos, Bataan, 
Pampanga, and Mindanao, Philippine Islands. 


Type in the U. S. National Museum 


Plecia borneensis Edwards 


Fed 
Malay States Mus. 16: 489, tig. 1 


A small species whose genitalia closely re- 
It is dif- 
ferentiated by having the pleura dark; the 


semble those of P. arvensis Edwards 


male with but six segments in the antennal 
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flagellum, the front tarsi of the male stout and 
the ninth tergun 
developed into a pair of small lobes at apex, 
these are separated 


. | 
somewhat flattened, and 


Edwards, /oc. cit., fig. 1 
Leneth: Body and wings, 4-6 mm. 


Known only from the type taken at 


Bettotan, Borneo 


Type in the British Museum Natural 


I List ry 


Plecia burmensis 0. sp 
Fig 


Fitting in the impostor Complex by hi 
a 


the pleura all black and the mesonotum ru- 


tous with a black spot in middle of the front 


margin. In my key to this Hardy, 


Indian Mus. 50(1): 90) it runs in 


group 


1953, Rec 


couplet 3 to malabarana Hardy and 1s very 
closely related to this species. It ditters by 


having the lobes of the tergum curved in- 


ward, broad, truncate at apices, not tapered 


best seen trom lateral view), and the median 


clett is more narrowly U-shaped; rather than 
the lobes being straight, evenly tapered to a 


subacute apex and the clett broadly U-shaped. 


Also the posterior lateral margins of the ninth 


sternum are evenly tapered into a moderatel 
large pointed lobe lying just outside each 


cClasper and extending three-fourths the dis- 
tance to apex oft clasper and the claspers are 


rather gently tapered to a subacute apex 


Fig. 4a). In malabarana the posterior lateral 


margins of the sternum are just slightly ele- 


vated and a small inconspicuous lobe ts 


present just outside each clasper, also the 


extended 


Claspers are into a sharp pointed 
apical projection 
MALE. Head 


rutous on basal segments, 9-segmented. Ocel- 


hI 


Antennae black, tinged with 


lar tubercle large. Thorax: As stated above, the 
blackened portion covering the anterior fourth 
of the mesonotum. Halteres with yellow to 
rufous stems and brown to black knobs. Lees: 
Wines: 


Faintly brownish fumose, stigma not darker 


Brown to black, segments slender 


by a U-shaped cleft (see 


ninth tergum 


than the membrane. Vein R at about a 50 
angle to R,, 


black with considerable gray pubescence on 


Abdomen and genitalia: Entirely 

the dorsum. Genitalia as described above and 

as in Figure 4a, / 
Length: Body, 3 
FEMALI 


5 mm.; wings, 5.9 mm 
Like the male except for sexual 
ditterences and except that the mesonotum Is 
entirely rufous. Head densely gray pubescent, 
front raised down the median portion. Bases 
ot temora yellowish tinged. 

Leneth: Body. 


Holotype male, allotype female, and two 


3.9 mm.; wings, 5.0 mm 
paratype females, Upper Burma, Nam Tamat 
Valley, Lat. N. 27° 42’, Long. E.97° 54’, 
Aug Kaulback 
Type and allotype returned to British Mu- 
Natural History 


the U. S. National Museum and the University 


3 000 


ft. elev 1938 (R 


seum One paratype each in 


of Hawai collection 


Plecia buruensis Edwards 


Edwards, 1926, Treubia 7: 135 


Ani as ‘ 


This species tits near P. tithodensis Edwards 


} 


but the male genitalia are distinctive. It is 


best distinguished by the shape and develop- 


ment of the ninth sternum ana clasping struc- 


tures as figured by 


Edwards (/oc. cit., fig. 1 
The sternum is but little wider than long, the 
hind margin is but slightly concave and has a 
pair of small median lobes. The claspers are 
short and broad and abruptly attenuated at 
apices. The ninth tergum is deeply clett on 
hind margin 

Length: Body, 7.0 mm.; wings, 8.0 mm 
Known only from Buru Island 
Type in the Zoologisch Museum, 


Amsterdam. 





Plecia cana Hardy 


Plecia cana Hardy, 1950, Hawaii. Ent. Soc. 
Proc. 14: 76, fig. 2a, b. 


A small dark-colored species related to P. 
tristis van der Wulp and differentiated by hav- 
ing the thorax entirely light gray with no 
black longitudinal stripes. The antennae are 
also distinctly 9-segmented; Edwards (1932, 
Treubia 14: 140) reported that the flagellum 
of fristis contains but four distinct segments. 
The male genitalia are distinctive from all 
known species of Plecia; the broad flat-topped 
development of the median margin of the 
ninth sternum and the well-developed lobes 
on the posterior lateral margins will separate 
it; see figures reterred to above. 

Length: Body, 4.2 
5.8 mm. 


1.5 mm.; wings, 5.4 


Known only from Benguet, Philippine 
Islands. 
Type in the U. S. National Museum. 


Plecia decora Hardy 
Fig. 5 


Plecia decora Hardy, 1950, Hawaii. Ent. Soc. 
Proc. 14: 78, fig. 3a-—c. 


Related to P. forcipata Osten Sacken and 
forficula Edwards because of the forcipate de- 
velopment of the male genitalia. It is charac- 
terized from other Plecia by the coloration and 
by the details of the male genitalia. 

Predominantly dull reddish species, with 
three brownish-red vittae on the mesonotum. 
Coxae, trochanters, and bases of femora yel- 
lowish. Wings faintly brown fumose. Vein 
Ro; forms about a 40° angle to Ry,5. Male 
genitalia as in Figure 5 and as described and 
figured in original. Claspers bilobed as seen 
from lateral view, with a sharp pointed second- 
ary subbasal lobe arising from dorsal portion. 

Length: Body, 5.0-7.0 mm.; wings, 8.0 
10.0 mm. 

TYPE LOCALITY: Mt. Tafa, Papua. 

Type in the British Museum (Natural 
History). 
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FiG. 5. Plecia decora Hardy. Genitalia, ventral view. 


I have studied a large series of specimens 
trom the Rijksmuseum v. Natuurlijke Histo- 
rie, Leiden, and the Bernice P. Bishop Mu- 
seum New Guinea Exped.: Moss 
Camps 13, 14, 16, 19, and 31, 2800 m.; from 
Scree Valley Camp, 3800 m., Nov. 1938 (L. J. 
Toxopeus); from Araboebivak, Wisselmeren, 
Paniai, New Guinea, 1750 m., Sept.-Nov 
1939 (H. Boschma); and Daulo Pass, 2400 m., 
(Asaro-Chimbu div.), June 15, 1955 (J. L. 
Gressitt). 


Forest 


Plecia dimidiata Macquart 


Fig. 6a, 4 


Plecia dimidiata Macquart, 1846, Dipt. Exot., 
p. 20, hig. 8. 


Sup , 


Related to P 


tinguished by the genital characters. The ninth 


borneensts Edwards but dis- 


sternum has a well-developed flat-topped lobe 
in middle of hind margin and a pair of smaller 
submedian lobes. The claspers are expanded 
and dentate apically and extend well beyond 
apices of the tergum (Fig. 64). The ninth 
tergum has a deep V-shaped cleft on hind 
margin (Fig. 64). 

The mesonotum is chiefly semipolished 
rufous with the front margin broadly black- 
ened. The black coloration extends to a level 
slightly behind the humeri. The pleura are all 
black. The legs are all black with black pile. 
The femora are moderately swollen. The 
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Fic. 6. Pi 


ninth tergum 


dimidtata Macquart. a, Ninth sternum 


wings are light-brown tumose 


Length: Body, 5.0-6.0 mm.; wings, 4.5 
6.5 mm 

Described from Tasmania, known also from 
Australia. The type probably has been lost 

I have studied a series of specimens trom 


Natural 


History), previously determined by Edwards 


both countries in the British Museum 


Plecia disjuncta n. sp. 
Fig. 7a-« 
An all-black species (males) closely related 
to P. monticola n. sp. and fitting the description 


of that species in all details of the male except 


for the genitalia. It is readily distinguished by 
the development of the lobes of the ninth 
sternum as shown in Figure 74 and described 
below 

MALE. Genitalia: Ninth tergum divided into 
two plates connected at bases by a narrow 
sclerotized line (Fig. 7¢). The ninth sternum 
is greatly expanded laterally and extends 


i95 
around the sides of the genitalia (Fig. 7); 
the posterior lateral lobes are comparatively 
broad, rounded at apices, and serrated just 
below apices on inner margins (Fig. 7a). The 
claspers are slender, attenuated, shaped ap- 
proximately as in monticola. 

Length: Body, 3.0 mm.; wings, 3.8 mm. 





Fic. 7. Plecia disjuncta n. sp 


genitalia, lateral view; ¢ 


. Ninth sternum; 4, 
, ninth tergum 
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FEMALE: Antennae 7-segmented. Thorax en- 
tirely rufous except for brown markings on 
the pleura; sometimes the mesonotum ts ex- 
tensively discolored with brown. Legs, espe- 
cially the femora, tinged with yellow. Ab- 
domen with a rufous tinge on the venter. 

Length: Body, 3.3 mm.; wings, 4.8 mm. 

Holotype male and allotype female in cop- 
ula from Wisselmeren, Okaitadi, Netherlands 
New Guinea, 1800 m., Aug. 8, 1955 (J. L. 
io, 3 


Gressitt evs 
>, Wisselmeren, 


Twelve paratypes 
same data as type; 1 co”, | 

Waghete, Tigi L., Netherlands New Guinea, 
1700 m., 
Enarotadi, Netherlands New Guinea, 1900 m., 
Aug. 19, 1955 (J. L. Gressitt); 1 9, Wissel- 
meren, Obano, 1770 m., Aug. 9, 1955 (J. L 
a trom Wissel- 
1500 m., Aug. 13, 


Aug. 17, 1955; 1 9, Wisselmeren, 


Gressitt); and 2 
meren, Itouda, Kamo V 
1955 (J. L. Gressitt 

Type, allotype, and 6 paratypes in the 
Bernice P. Bishop Museum. The remainder in 
the U. S. National Museum, the British Mu- 
seum (Natural History), and the University of 


Hawau collection 


Plecia dis pe rsa n. name 
Fig Roz. J 
Penthetria 


in Duperrey, Voy. autour du Monde sur la 


L848, 


racitca Gueérin-Méneville, 
Corvette de la Coquille, 2: 507. Paris. Pre 
occupied by | 
1805, System. Antl., 163, a 
Plecia collari 
Plecita confusa Malloch, 1928, Linn. Soc 
Wales, Proc. 53: 605, nec P 


New synonym. By comparison of the type 


Laphria thoractca Fabricius 
synonym of 
Fabricius 

N.S 


nf te a Loew 


in the British Museum with specimens of 
P. thoractca Guérin, which 
termined by F. W. Edwards 
Plecia mallocht Hardy, 1948, Kans. Ent. Soc 
fusa 
Malloch, preoccupied by P. confusa Loew, 


Ztschr. 109. New 


had been de 


Jour. 21: 36. Change of name tor P. con 


1858, Berlin. Ent 
synonym 
A moderately large species with the thorax 
all rufous and the ocellar triangle reduced in 
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ninth sters 


size. Itis related to P. saves 


ditterently eV 


male genitalia are 


] e ol ‘ | Litas P 
Diunt Claspers and the differences in tl 


and development of th 


Fig. 84 


ad 


| ’ 
apout equal i 

| } , | | 
and apout one-third 
chietly brown to black 


ments; 10-segmented in 
mented in female. Ninth 


about two times wider than long, with a 


rather narrowly U shaped cleft in the middl 
lobes of the 


of the hind margin; the apical 


‘ : 
tergum are heavily sclerotized and densely 


haired (Fig. 8a). Ninth sternum of male over 


two times wider than long, narrow through 
the median portion, with the posterior lateral 
margins produced into pointed lobes. Claspers 


; x 
about two umes longer than wide, blunt and 
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rounded at apices, and with a narrow sclero- 
tized bridge joining them at bases (Fig. 8/ 
with a slender, rodlike 


Aedeagus pair of 


accessory structures 
Body, 


Length: 


9.4 mm 


7.5-8.5 mm.; wings, 8.5 


rYPt aLITY: (Of P. theracica Guerin 


Coromandel, S. | 


LOC 
India 

Type probably in the Muséum National 
d'Histoire Naturelle, Paris 

This is one ot the common species of India 
and Ceylon. I have seen specimens trom sev- 
eral localities on Ceylon; from Mysore, Nilgiri 
Malabar, Katihar, N 
Bengal, and trom Tezpur, Assam, India. Also 
Naukauri, Nicobar 


appears to be this species 


Hills Coimbatore, S 


a temale from Islands, 


Edwards also recorded this from many lo 


India and Ceylon and said that 


s of Plecia fulvicolli 


calties in 


Brunetti §S record Fabricius 


, | 
should reter to this 


Plecia dorsalis Walker 


1857, Linn. Soc. Lon 


Preoccupied by Plecta 


1838, Dipt. Exot. 1: 86 


place Walker's d 


those with 
Wall er had 


series, 10 Das Ap] 
find it 
tory << 


series 1S Crit ional Muse 


Melbourne 


that they have one temale specimen fron 


Singapore and one temale trom “Mt. Ophir 


one wing missing, abdomen glued on and be 


longing to a ditterent species of Diptera 


n of \ ictoria, 


Australia. A. Neboiss has reported 
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Without a male from one of the two localities 
mentioned by Walker, it is impossible to 
place this species. Walker later recorded dor- 
salis from the Aru Islands, Borneo, Mysol, 
and Amboyna but it is probable that he had a 
mixture of species before him. One male from 
Sarawak, Borneo, in the National Museum ot 
Victoria, has been studied by A. Neboiss and 
from the drawings which he made at my re- 
quest it 1S obviously a specimen ot P 
ubvarians Walker 

P. dorsalis Walker 
treated in the literature as a synonym of P 
fulvicollis 


contirm this synonymy 


been 


has commonly 
Fabricius) but it is not possible to 
1912, Fauna 


164 


Brunetti 
ot British India, Diptera Nematocera, p 


was obviously in error when he recorded 


dorsalis trom India as a synonym of P. fulri 


Fabricius 


Plecia dubia Edwards 


Fig. 9a— 


Malay 


States Mus. 14: 44, figs. 39, 39a 


ia Edwards, 1928, Jour. Fed 


The genitalia show relationship with P 
Skuse but the specimens are much 

the pleura are pre fominantly 
he genital structures ar 


1 


terently developed (Figs. 9 


mall species, somewhat 
Antennae 9-segn 


. entirely | 


4 prown ‘ 
raight. Wings lig 
along the costa, 


Vein R 


Th , 
niddie of th 


than the membrane 


ghtly before the 


m r-m to the wing margin, is about equa 


' ; 
m and nearly vertical in position 


in length tor 
Ninth tergum with aU shaped clett in middle 


of hind margin, hind margin and postero 





Fic. 9. Plecia dubia Edwards. a, 
ninth tergum; ¢, 
end view. 


accessory structure of 


dorsal surface very densely black pilose (Fig. 
9b). The claspers are short and broad, slightly 
pointed apically. The ninth sternum is ap- 
proximately three times wider than long, not 
distinctly lobate on hind margin (Fig. 9a). 
The aedeagus has a pair of heavily sclerotized 


rather rodlike accessory structures, each of 


these possess a small sharp pointed sub- 
apical ventral lobe and a long dorsal lobe is 
developed, these are visible only in end view 
(Fig. 9c). 

Front of female with a strong black tubercle 
in middle at lower margin but with no ridge 
down the middle. 

Length: Body, 3.5-6.0 mm.; wings, 4.0 
7.5 mm. 

TYPE LOCALITY: Singapore. 


Ninth sternum; 4, 
aedeagus, 
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Type in British Museum (Natural History). 

I have studied the type and a series of speci- 
mens from Borneo, 1903 (R. Shelford), 
Samarang, Java, Aug. 1909 (E. 
which appear to belong here. 


and 
Jacobson), 


Plecia erebea Skuse 
Fig. 10a—c 
Plecia erebea Skuse, 1889, Linn. Soc. N. S. 
Wales, Proc. (2)3: 1375. 


This is the only all dark-colored Plecta 
known from Australia. It is distinguished from 
the other members of this complex from 
other areas by the characteristics of the male 
genitalia (Fig. 10a-« 

MALE: Entirely brownish black to black, all 
pile black, dense on abdomen and legs. Eyes 


bare, ocellar tubercle prominent. Antennae 
10-segmented, counting the small nipplelike 
apices. Thorax subshining with a faint brown- 
ish tinge in the ground color. Dorsum sparsely 


FIG. 10. Plecia erebea Skuse. a, 
clasper, lateral view; ¢, 


Ninth sternum; 
ninth tergum 
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pilose, dorsocentral hairs very short. All leg 
segments slender, tibiae not at all enlarged at 
apices. Tibial spurs all black. Wings dark 
brown fumose, darkest along the anterior 
margin. The stigma are not well diiterentiated 
from the wing membrane. Vein R2,, gently 
curved, forming about a 50° angle with R,,; 
The section of M,.» from the fork to the r-m 
cross vein is nearly one-half longer than the 
cross vein. The cubital cell is not at all nar- 
rowed at its apex. Abdomen faintly shining, 
lightly tinged with brown in ground color. 
The ninth tergum is almost as long as wide 
and the hind margin is gently concave (Fig. 
10c). The sternum has a moderately large, 
obtuse lobe at each side on hind margin and a 
smaller inconspicuous lobe just inside each 
clasper. The median portion of the hind mar 
gin has a broadly U-shaped concavity (Fig 
1Oa 
lobe is square tipped and the dorsal lobe is 
Fig. 10a, / 

Length: Body, 5.5 mm 

FEMALE: Head 
color, densely grayish pubescent and wider 


The claspers are bilobed; the ventral 


acutely pointed 
‘wings, 6.0-6.4 mm. 
black in 


shining ground 


than long from a dorsal view. The antennae 
appear to be 11-segmented but the last two 
are very closely joined. The front has a small, 
shining black tubercle in middle just above 
the antennae. Otherwise like the male, except 
for genital characters 

Length: Body, 5.0-5.5 


mm.; wings, 7.0 


7.5 mm 
TYP Lawson, Blue Mountains, 


Australia 


LOCALITY 


Type in the Australia Museum 


The above described specimens were from 
Malanda, North Queensland (G. F. Hill). 
Plecia forcipata Osten Sacken 
Fig. lla, / 


Plecia forcipata Osten Sacken, 1881, Ann. del 
Mus. Civ. di Storia Nat. di Genova 16: 397 


This species may be somewhat variable, 
some of the specimens which I have seen from 
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the British Museum collection have the dor- 
sum of thorax orange, including scutellum 
and metanotum, and the pleura marked with 
black. The type male in the Museo Civico di 
Storia Naturale, Genova, has the thorax en- 
tirely rufous. The original description men- 
tions a characteristic uninterrupted reddish 
stripe which extends across the pleura from 
one halter to the other, this is the case in the 
specimens in the British Museum collection; 
the metapleura, lower part of pteropleura, and 
all of sternopleura are rufous and the pro- 
pleura, mesopleura, and hypopleura are black. 
The strongly torcipate ninth tergum allies this 


to forficula Edwards but the claspers and 


sternum are differently developed as pointed 
out in the above key and as shown in Figures 
lla and 12a. The tergum of the type fits my 


Fic. 11. Plecia 
sternum, 


forcipata Osten Sacken. a, Ninth 


. J 
. ninth tergum 
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concept of the species but it was studied im situ 
and the details of the sternum and claspers 
could not be seen. It is possible that two 
species may be involved in this concept. 

MALE: Ocellar tubercle well developed. An- 
tennae 9-segmented, apical segment equal in 
length to the penultimate. Legs rather short 
and stout, femora moderately swollen on 
apical portions, tibiae slender. Wings brown- 
ish fumose, darker along anterior margin. 
Vein Re, ; straight or nearly so, forming a 75° 
angle with Ry,5. Petiole of cell M, not over 
one-half longer than r-m cross vein. Cubital 
cell noticeably narrowed at apex, apex about 
one-half as long as r-m cross vein. Abdomen 
dark brown to black, not so densely pilose as 
in most species. The lobes of the ninth tergum 
are narrow and pointed, nearly two times 
longer than the sternum (Fig. 114). The 
claspers are short and broad, rather blunt at 
apices. A pair of sharp pointed accessory or- 
gans are present along sides of the aedeagus. 
The ninth sternum is about two times wider 
than long (Fig. 114). 

Length: Body, 7.0-8.0 mm.; wings, 6.5 
7.0 mm. 

TYPE LOCALITY: Sumatra. 

Type in the Museo Civico di Storia 
Naturale, Genova. 

I have studied the type and specimens from 
Sumatra, New Guinea, and Christmas Island, 
Indian Ocean; de Meijere recorded it trom 


Java. 


Plecia forficula Edwards 
Fig. 12a, 5 


Plecia forficula Edwards, 1928, Jour. Fed. Ma- 
lay States Mus. 14: 44, fig. 40. 


Similar to P. minor Edwards but larger and 
the genitalia are quite differently developed; 
the strongly forcipate ninth tergum will dif- 
ferentiate it. P. forficula Edwards is separated 
from forcipata Osten Sacken by the develop- 
ment of the claspers and sternal structures of 
the male genitalia as shown in Figures 12a and 
lla and as pointed out in the above key. 
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MALE: Head black. Antenna 9-segmented, 
counting the nipplelike tip. Ocelli situated on 
a strong tubercle. Rostrum short, not over 
three-fourths as long as antenna. Thorax 
chiefly opaque, mesonotum, scutellum, meta- 
notum, and lower portion of pleura rufous; 
upper half of pleura with brown to black dis- 
colorations. Legs black, segments slender; 
front tibiae not at all thickened, much nar- 
rower than femora. Wings light brown fumose, 
darker along costal margin. Vein R.,, rather 
straight, forming about a 75° angle with Ry, 5 
Petiole of cell M, two times longer than r-m 





Fic. 12. Plecia forficnla Edwards. a, Genitalia, ventral 
view; 4, ninth tergum 
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cross vein. Cell C, not narrowed. Abdomen 
and genitalia black. Ninth tergum strongly 
forcipate, the lobes slender and curved inward 
(Fig. 124). Ninth sternum almost two times 
wider than long, a broad rounded lobe is de- 
veloped on the posterior lateral margin and a 
rather narrow truncate lobe is present in the 
middle on the hind margin. Each clasper is 
developed into an elongate slender lobe at 
apex (Fig. 12a 

The female antennae are apparently 11- 
segmented and according to Edwards the 
pleura are less extensively blackened. 

Length: Body, 6.0-7.0 mm.; wings, 9.0 mm. 

TYPE LOCALITY: Pahang, Lubok Tamang. 

Type in the British Museum (Natural 
History 

I have studied the type and specimens in 
the British Museum trom Pahang Federated 
Malay States, Cameron's Highlands, at light, 
4,800 ft., Mar. 13, 1925 (H. M. Pendlebury 


Plecia fulvicollis (Fabricius 


Fig. 13a~« 


Hirtea fulvicollis Fabricius, 1805, System. Antl., 

53 
Plecia philippinensis Malloch, 1928, Linn. Soc 

N.S. Wales, Proc. 53(5): 605. New syno- 

nym. 

The synonymy of philippinensis Malloch is 
based upon the comparison of specimens of 
fulvicollis (Fabricius) trom Sumatra, which had 
been identified by Dr. F. W. Edwards, with a 
large series of specimens from the Philippines 
which fit Malloch’s description and figure 

A number of distinct species have been 
confused in the literature under the name 
fulvicollis; some authors used this name tor all 
Pacific and oriental Plecta which have the 
thorax entirely rufous 

This species is close to P. baker Malloch 
and is differentiated by the ditterently de- 
veloped genitalia of the male. In fa/ricollis, the 


ninth tergum has a more U-shaped clett on the 


hind margin (Fig. 13a), the lobes are rounded 


/ 


Fic. 13 


. genitalia 





ventral view, 


‘ 


Fabricius). a, Ninth tergum; 


, ninth sternum 


tilted back. 
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not truncate. The ninth sternum is about as 
wide as long, each posterior lateral margin is 
produced into three lobes at apex (seen in end 
view or slightly tilted ventral view). The pos- 
terior median margin is strongly produced into 
a broad, heavily sclerotized, bilobed (indis- 
tinctly trilobed and with each of the lateral 
lobes slightly divided subapically) process. 
The claspers are small, inconspicuous, rounded 


at apices; fused with the median process of 


the sternum and extending about half its 
length (Fig. 134, ¢). The development of the 
ninth sternum and claspers of baker? is very 
different, as shown in Figure 3a. 

Length: Body, 5.7-6.0 
6.4 mm. 

TYPE LOCALITY: Sumatra. 

The type probably has been lost. 


mm.; wings, 6.0 


The species is common in Sumatra (and 
probably all of Indonesia) and the Philippine 
Islands; I have seen it from a number of 
localities in both areas. Records from India, 
Australia, China, Japan, Formosa, etc., are 
probably errors. Ouchi (1940, Jour. Shanghai 
Sci. Inst., Sec. II], 4: 294) misspelled this 
“Auviollss.”’ Branetti (1912, Fauna ot British 
India, Diptera Nematocera, p. 163) was ob- 
viously in error in recording this from India 
and in considering P. thoracica Guerin as a 
synonym. 


Plecia fumida Edwards 


Plecia fumida Edwards, 1933, Jour. Fed. Malay 
States Mus. 17: 244. 


An entirely dull-black species fitting close 
to P. furva Hardy but with square-tipped 
claspers. The ninth tergum is deeply cleft 6n 
the hind margin, nearly divided into two large, 
triangular shaped, lobes. The posterior lateral 
margins of the ninth sternum are produced, 


rather pointed, extending beyond apices of 


lobes of tergum. 

Length: Body, 5.0-6.5 mm.; wings, 6.5 
9.0 mm. 

The species has not been figured. 

TYPE LOCALITY: Tenompok Pass, Borneo. 
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Type in the British Museum (Natural 
History 
Known only trom Borneo. 


Plecia fumidula Edwards 


Plecia fumidula Edwards, 1933, Jour. Fed. 
Malay States Mus. 17: 244 


An entirely black species resembling P. 
fumida Edwards but much smaller and with 
quite ditterent genitalia. It is related to P. 
furva Hardy but ditterentiated by having the 
lobes of the ninth sternum extending well be- 
yond the apices of the tergum, the tergum ex- 


tends only about two-thirds the length of the 


sternum. The ninth sternum is not so deeply 
cleft as in furva, the submedian lobes on the 
hind margin are much more slender and the 
claspers are comparatively small and each has 
a sharp pointed subapical lobe on the inner 
margin. (Refer to description of the genitalia 
and fig. 2a, b, Hardy, 1952, Beitr. z. Ent. 
2: 428 

Length: Body and wings, 3.5-5.5 mm. 

TYPE LOCALITY: Mt 

Type in the British Museum 
History 


Kinabalu, Borneo. 


Natural 


Known only from Borneo; I have studied 
the type and type series in the British Museum 


Plecia fumidula diversa n. sub. sp. 


Fig. l4a, 5 

Specimens on hand trom New Britain seem 
to fit P. fumidula Edwards in all respects ex 
cept that the thorax is entirely orange to 
rufous, except for the brown to black pro- 
pleura; rather than the body all black as in the 
typical form. I see no significant ditterences in 
the male genitalia and feel that in spite of a 
tew minor differences which I see in the speci- 
men at hand and the drawings I made of a co- 
type of fumidula (Hardy, 1952, Beitr. z. Ent 
2: 428, fig. 2a, b) this should be treated as a 
subspecies. Perhaps more significant difter- 
ences will be found when a series is studied 

The antennae of the male are all black and 
made up of 9 distinct segments. In the temale 
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the antennae are 11-segmented, with the last 


two closely joined and the basal segments are 


brownish yellow 


colored in the female, brown to black in the 


male. The halteres and legs are black, with a 
yellow tinge in the ground color of the temora 


in the female. Tibiae or tarsal segments not 


swollen. Wings brown fumose, darker in the 


Vein R 


and straight in the temale, entering the costa 


male slightly curved in the male 


at about a 65° angle to R, The lobes on 
posterior lateral margins of the ninth sternum 
otf the male are slender, sharply pointed, and 
slightly curved inwardly. A narrow submedian 
lobe is present on the sternum just inside each 
Clasper and the median portion is raised into a 


small mound. The claspers are small, rounded 


The propleura are orange 
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at apex, produced into a sharp, beaklike sub- 
apical point on inner side and with a rather 
broad lateral expansion on outer side (Fig 
l4a). The posterior median third to two-fifths 
of the sternum is membranous. The ninth 
tergum is deeply cleft, the lobes are subacute 
at apices (Fig. 14/ 

Length of male: Body, 4.8 
5.5 mm. 

Length of female: 


1.5 mm 


mm.; Winds, 


Body, 3.5 mm.; wings, 
Holotype male and allotype female, Kera- 
wat, Gazelle Pen., New Britain, 60 m., Aug 
31, 1955 (J. L. Gressitt 
Both in 


collection 


the Bernice P. Bishop Museum 


Plecia furva Hardy 


Plecia furva Hardy, 1952, Beitr. z. Ent. 2: 429 


An all dark colored species related to P. 
fumidula Edwards, it fits the original descrip- 
tion in all details except that the claspers of 
“small and 
P. furva is ditterentiated trom fu- 


fumidula were described as 
rounded 
midula by the more elongate ninth tergum, 
the lobes extending beyond the apices of the 
sternum. The lobes of the ninth sternum are 
much broader at their bases and are gently 
tapered to a sharp point at their apices; the 
clett on the hind margin extends about two- 
thirds the length of the sternum, rather than 
less than halt the length. The claspers are also 
much more developed in farra, they are 


| 


strongly curved with a capitate, rounded, 


] 
i 
apical lobe and with the basal portion slightly 


hollowed out and expanded laterally; no lobe 
present on inner margin (refer to complete 
description op. cit.: 429-431, fig. 3a, b 
Length: Body and wings, 
TYPE LOCALITY 


Lesser Sunda Islands 


5.5 mm 


Segare Anak. Lombok, 


Type in the Deutsches Entomologisches 


Institut, Berlin 
Plecia gurneyi Hardy 


Plecta eunrneyi Hardy, 1950, Hawaii. Ent 
Proc. 14: 79 


SOC. 
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Fitting in the group of species which have 
the mesonotum bright orange and the pleura 
brown to black. It is related to P. /affooni 
Hardy and is distinguished only by the male 
genital characters. In gurney? the ninth tergum 
is much broader, the cleft on the hind margin 
is broadly V-shaped so that the lobes of the 
ninth tergum are widely divergent at their 
apices, the claspers are much better developed 
than in /affoont and extend well beyond the 
apices of the submedian lobes extending from 
the hind margin of the sternum. The lobes on 
the posterior lateral margins of the sternum 
are tiny, poorly developed, not elongated as in 
laffooni. The accessory structures of the aedea- 
gus are rather inconspicuous and barely pro- 
trude beyond the hind margins of the sternum, 
rather than strong and produced beyond 
apices of claspers as in /affooni (reter to Hardy, 
op. cit.: 81 and 83, figs. 4a, b, 6a, b). 

Length: Body, 4.0-4.5 mm.,; wings, 6.0 mm 

TYPE LOCALITY: Bougainville Island. 

Type in the U. S. National Museum. 


Plecia inconspicua Hardy 
Fig. 15a-c 


Plecia inconspicua Hardy, 1950 Hawaii. Ent. 
Soc. Proc. 14: 79. 


A moderately small species in the complex 
which has the dorsum of the thorax chiefly 
rufous and the pleura brown to black. It is 
related to P. malayaensis Hardy because of the 
forcipate lobes of the ninth sternum. It is dif- 
ferentiated by having the lobes of the ninth 
tergum more acutely pointed at apices, rather 


than broad and truncate; by having the claspers 


rather triangular in shape and with a narrow 
lobe extending from posterior submedian 
margin of sternum alongside of each clasper 
and also by having the ninth sternum largely 
membranous in the central portion (Fig. 15a), 
not sclerotized. I misinterpreted the charac- 
teristics of the claspers and hind margin of the 
ninth sternum in the original description. 
After studying more completely cleared speci- 
mens a pair of submedian lobes have been 
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N ale : 


FiG. 15. Plecia inconspicua Hardy. a, Ninth sternum; 
b, ninth sternum, tilted to left showing submedian lobe 
, ninth tergum. 


found the stone rnum, these lie very close to 
the inner margins of the claspers and are easily 
overlooked (Fig. 154). Also the lobes of the 
ninth tergum are subacute, not sharply pointed 
in the specimens at hand (Fig. 15¢ 
more complete description reter to the original 

Length of type: Body, 3.0 mm.; 
3.75 mm. 

TYPE LOCALITY: Kokoda, Papua 

Type in the British Museum 
History 


For a 


wings, 


Natural 


Specimens on hand trom Wisselmeren, Wa- 
ghete, Tigi L., New Guinea (Netherlands), 
1700 m., Aug. 17, 1955 (J. L 
slightly larger than the type: body, 4.0-4.2 


Gressitt) are 


mm.; wings, 5.0-5.3 mm 
Plecia javensis Edwards 
Plecia javensis Edwards, 1925, Treubia 6: 158 


A large species with the thorax all rufous 
and the wings brown to blackish fumose. It is 
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related to P. thoracica (Guérin) and is sepa- 


rated by the genital characters of the male. 
The claspers of P. savensts are produced into 
elongate slender lobes at their apices while the 
Claspers of thoracica are blunt, rounded at 
apices not developed into an apical lobe. The 
aedeagus and its accessory structures, the 
ninth sternum, tergum, and cerci are also dif- 
terently developed in the two species. In 
javensis the ninth tergum is two times wider 
than long and has a V-shaped cleft almost to 
its base on the hind margin. The posterior 
lateral margins of the tergum are each bilobed, 


broader, more blunt than is 


the inner lobe is 
the outer. The cerci are broad, well developed, 
and extend well beyond the apices of the 
tergum. The ninth sternum is very broadly 
concave on the hind margin, at the median 
poruon the sclerite is less than half as long as 
at lateral margin; the posterior lateral margins 
are sharply pointed. The claspers are very ir- 
regular in shape, are extended into slender 
lobes on inner apices, and are apparently fused 
together by a narrow sclerotized bridge con- 
necting their inner bases. The aedeagus has an 
elongate rodlike accessory structure on each 
side, extending beyond apices of claspers 
Reter to figs. 4a, b, Hardy, 1952, Beitr. z 
Ent. 2: 430 

Length: Body, 6.5 
14.0 mm. 

rYPE LOCALITY: Java 


Type in the British Museum 


10.0 mm.; wings, 7.8 


Natural 
History 

I have seen the type and numerous speci- 
mens trom Java 

This is the species which Malloch (192s, 
Soc. N. S. Wales, Proc. 53 


termined as “‘Plecta fulvicoll: 


Linn 604) de- 
Fab.’ The speci- 
mens were intercepted at 


San Francisco, 


“reared trom orchids” (the medium in which 
they were growing) brought in trom Java on 


the S. S. ‘“Tenyo Maru 


Plecia laffooni Hardy 


Plecia lafloont Hardy, 1950, Hawaii 
Proc. 14: 80-82, fig. Ga-c 


Ent. Soc 
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A medium-sized species having the dorsum 
of the thorax bright orange and the pleura 
brown to black. It fits in a complex with P. 
gurneyt Hardy and P. manni Hardy because of 
the unusual development of the male genitalia 
the fingerlike claspers, the paired lobes on 
each posterior lateral margin, and the strong, 
heavily sclerotized accessory structures of the 
aedeagus. P. /affooni is readily differentiated 
from manni by the presence of the elongate 
rodlike submedian lobes on the hind margin 
, It dif- 
fers from gurneyi by the subequal lobes of the 


of the ninth sternum (/oc. cit., fig. 6a 
posterior lateral margins of the sternum, the 
dorsal lobe is about equal in size to the clasper 
and extends as far as apex of clasper, rather 
than being short, inconspicuous, not longer 
than dorsal lobe. Also the submedian lobes of 
the sternum extend well beyond apices of 
claspers and the claspers are smaller; the ac- 
cessory structures of the aedeagus are also 
much stronger in /affoon?, extending beyond 
apices ot claspers. In garneyt the claspers are 


larger and 


the accessory structures smaller, 
scarcely extending beyond hind margin of 
sternum. The ninth tergum of /affoont is also 
longer than wide and has a deep V-shaped 
fig. Gb). See 
original description tor more complete details 

Length: Body, 4.2-5.0 


6.6 mm 


cleft on hind margin (Joc. cit.. 


mm.; wings, 5.8 


TYPI Guadalcanal, Solomon 


Islands 


LOCALITY 
Type in the U. S. National Museum 


Plecia lieftincki n.sp 
Fig lOa-< 


Related to P. rafu 


Island, Indonesia 


trom Kei 
but distinguished by the 


ornis Edwards 


characteristics of the male genitalia. In Ed- 
ward's species the lobes of the posterior lat- 
eral margin of the ninth sternum are elongated 
and pointed, extending two times farther than 
the claspers. In /ieftincki the lobes are rounded 
at their apices and extend scarcely two-thirds 
Ga 


as long as the claspers (Fig Also the 





FIG. 16 
clasper, lateral view; ¢, 


Plecia lieftincki n. sp. a, Ninth sternum; 4, 


ninth tergum. 


claspers are quite differently shaped in the 
two species. 

MALE: A small species, belonging in the 
group which has the thorax entirely rutous. 
The halteres are brown, the bases are rufous 
The scape and pedicel of the antenna are 
yellow-brown, the flagellum is brown. Legs: 
Entirely brown, all of the segments are mod- 
erately slender, not at all swollen. Wings: 
Faintly brown fumose, more distinctly so 
along the costa. Vein Re, , straight, oblique in 
position forming about a 75° angle with Ry, 
Abdomen: Entirely dark brown. Genitalia: The 
ninth tergum is about two times as wide as 
long and has a moderate concavity extending 
nearly half its length on the posterior margin 
(Fig. 16c). The ninth sternum is slightly wider 
than long and fits the characters given above 
and in Figure 16a. The claspers are but little 
longer than wide, are rounded at apex, and 
produced into a protuberance on inner margin 
as viewed from below. In lateral view each 
Clasper is seen to terminate in a sharp upward 
curved point (Fig. 16/ 


é 


Length: Body, 3.5 mm.; wings, 3.8 mm. 
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FEMALE: As in the male except for genital 
and secondary sexual characters. The flagellum 
of the antenna is 8-segmented (the tip is 
broken in the male). 

Length: Body, 3.5 mm.; wings, 4.2 mm. 

Holotype male and allotype female: Base 
Biak, 2-VIII-1952, op licht (L. D. Brongersma 
and W. J. Roosdorp). 

Both have been returned to the Rijksmuseum 
van Natuurlijke Historie, Leiden, Holland. 

I take pleasure in naming the species atter 
my friend, Dr. M. A. Liettinck, who has made 
such outstanding contributions in the field of 
entomology in Indonesia. 


Plecia magnispina 1. sp 
Fig. 172, / 


Related to P. decora Hardy but ditterenti 


ated by its smaller size and by the ditferently 
developed genitalia. The lobes of the ninth 


tergum of the male are more strongly con- 





FiG. 17. Plecta ma 
view; 4, ninth tergum 
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vergent and terminate in a large apical spine, 
the claspers are more pointed apically, and the 
posterior lateral margins of the ninth sternum 
are developed into slender lobes (Fig. 17a). 
MALE. Head: Black, including appendages 
Antennae short, compact, apparently 9-seg- 
mented. Ocellar tubercle large and conspicu- 
ous. Thorax: Dullred with three reddish-brown 
to black vittae extending longitudinally down 
the mesonotum. Lower portion of pleura red, 


upper portion brownish red 


Scutellum red 
with a black line through the middle. Halteres 
yellow-red, tinged with brown on their knobs 
Legs: Coxae, trochanters, and bases of femora 
rufous, remainder brown tinged with rufous 
Wines: As in decora, taintly fumose, vein Ro, 
at about a 45° angle to R,y,;. Abdomen and 
genitalia: Dark brown to black. Ninth tergum 
with a narrow V-shaped cleft in middle of hind 
margin, extending nearly to base of segment; 
the posterior lateral margins are strongly lo- 
bate, sharp pointed at apices. The inner mar- 
gins of tergum are very densely covered with 
short black hair (Fig. 174). The ninth sternum 
is scarcely halt as long as the tergum, is about 
two times wider than long, and has a sharp, 
slender spinelike lobe on each posterior lateral 
margin, also a small rounded knoblike lobe 
just inside each clasper. Claspers rather slen- 
der, four times longer than wide, shaped as in 
Figure 174, as seen trom a dorsal view. Each 
clasper with a sharp pointed lobe near base 
arising from dorsal surtace, visible from lat- 
eral or end view. Aedeagus with a pair of rod 
like accessory structures, these are slightly 
curved at apices 
Leneth: Body, 


FEMALI 


3.0 mm.; wings, 4.5 mm 
Fitting the above description in 
The tront has a rather well 


most respects 


developed keel down the middle. The meso 
notal vittae vary trom brownish-red to black 
Leneth: Body, 3.5 mm.; wings, 5.5 mm 
Holotype male and allotype temale, Wissel 
meren, Obano, Dutch New Guinea, 17 
Aug. 9, 1955 (J. L 


paratypes, 14 


70 m., 
Gressitt). Twenty-tive 
* and 12 trom tollow- 


ing localities in New Guinea: same as type, 
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Wisselmeren, Paniai, Sept.-Nov. 1949 (H. 
Boschma); Mt. Wilhelm, 3000 m., July 4, 
1955 ( J. L. Gressitt); Wisselmeren, Okaitadi, 
1800 m., Aug. 7, 1955 ( J. L. Gressitt); Daulo 
Pass, 2400 m., (Asaro-Chimbu div.) June 15, 
1955 (J. L. Gressitt); and Mist Camp, 1800 
m., 12-I-1939 (L. J. Toxopeus). 

Type, allotype, and a series of paratypes re- 
turned to the Bernice P. Bishop Museum. Re- 
mainder of paratypes distributed among the 
following collections: Rijksmuseum v. Na- 
tuurlijke Historie, Leiden; U. S. National 
Museum; British Museum ( Natural History 
and the University of Hawai 


Plecia malayaensis Hardy 
Fig. 18a, / 


Plecita malayaensts Hardy, 1948, Kans. Ent. Soc. 
Jour. 21: 36. New name for Plecta minor 
Edwards, 1928, Jour. Fed. Malay States 
Mus. 14: 44, nec P. minor Jaennicki, 1867, 
Senckenb. Naturf. Gesell. Abhandl. 4: 318 


Related to P. inconspicua Hardy, trom Papua, 
but ditterentiated by the truncate lobes of the 
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ninth tergum of the male and by having the 
claspers pointed on the outer apices (Fig. 18a); 
rather than the lobes of the tergum being 
subacutely pointed, the claspers rather triang- 
ular, and a narrow lobe extending from the 
hind margin of the sternum along the inner 
side of each clasper (Fig. 15.). 

A small species with rostrum not strongly 
produced and only about three-fourths as long 
as antennae. Antennae brown to black, 9- 
segmented in the male, 11-segmented in the 
female. Ocellar tubercle large and prominent. 
Mesonotum and scutellum (except for a black 
line down the latter) entirely opaque rufous. 
Pleura brown, tinged with rufous especially 
on sternopleura. Legs black in the male, tinged 
with rufous in the female. Front tibia rather 
strongly swollen, especially in the male, in the 
middle it is equal to slightly wider than the 
thickest part of the femur. Wings light brown 
fumose. Vein Re,; bent near base, entering 
the costa at about a 65° angle to Ry, 5. Petiole 
of cell M, not much longer than r-m cross 
vein. Cubital cell not at all narrowed at apex. 
Abdomen and genitalia dark brown to black. 
Ninth tergum with a V-shaped cleft in middle 
of hind margin, dividing the segment into 
two nearly quadrate lobes (Fig. 184). The 
ninth sternum is rather strongly torcipate, the 
lobes on the posterior lateral margins are slen- 
der and sharply pointed. The posterior median 
margin of the sternum has a broad round- 
topped lobe extending approximately as tar 
as apices of claspers. The claspers are short 


and broad, broadly rounded on inner apex, 


and with a subacute, densely setulose lobe on 
outer apex (Fig. 18a). 

Length: Body, 45-5.0 mm.; wings, 5.0 
6.4 mm. 


TYPE LOCALITY: Mabek, Peninsular Siam 

Type in the British Museum (Natural 
History). 

I have studied specimens in the British Mu- 
seum collection from Biserat, Siam. The spe- 


cies probably occurs throughout Thailand and 
Malaya and possibly to the West through 
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Burma and South India. Edwards recorded it 
from Methapalayam, S. India. 


Plecia manni Hardy 


Plecia manni Hardy, 1950, Hawaii. Ent. Soc. 
Proc. 14: 82-84, fig. 7a. 


Related to P. daffooni Hardy and to gurneyi 
Hardy and fits the descriptions of these species 
except for male genital characters and except 
that the cubital vein is rather sharply bent 
downward and the cubital cell is narrower at 
the apex. The ninth sternum lacks the pair of 
slender rodlike submedian lobes which is 
characteristic of the other two species in this 
complex and the posterior median portion of 
the sternum is developed into a large semi- 
membranous portion which is longer than the 
remainder of the segment and which extends 
two-thirds the length of the claspers. The 
aedeagus has a pair of strong, curved, and 
Sharply pointed accessory structures which 
extend well beyond the apices of the claspers 
For a complete description see the above 
reference and figure. 

Length: Body, 5.0 mm.; wings, 5.7 mm. 

TYPE LOCALITY: Fulakora, Solomon Islands. 

Type in the Museum ot Comparative 
Zoology. 


Plecia mayoensis Hardy 


Plecta mayoensts Hardy, 1950, Hawau. Ent. Soc. 
Proc. 14: 84, fig. Sa, b 


Fitting in the complex which has the thorax 
entirely rufous and distinguished by the male 
genital characters. The slender stemmed, cap1- 
tate lobes at the apex of the ninth sternum will 
separate it from all known species of Plecta 
The apical lobes extend beyond the apices of 
the claspers and to the tip of the aedeagus 
The claspers are short and broad, obtuse at 
apices. The ninth tergum has a deep U-shaped 
cleft on hind margin, the lobes are rounded at 
apices. For a more complete description and 
figures, refer to the above reference. 

Length: Body, 9.0 mm.; wings, 8.5-9.5 mm 
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TYPE LOCALITY: Mt. Mayo, Davao, Philip- 
pine Islands. 

Type in the Museum of Comparative 
Zoology. 


Plecia monticola n. sp. 
Fig. 19a-« 


An all black species (males) which along 
with P. diyuncta n. sp. is distinguished from 
other Plecia by the lateral expansion of the 
ninth tergum, which causes the genitalia to be 
wider Also the 
clett of the tergum divides it into two plates 


than long in lateral view 


connected only by a thin sclerotized line at 


their bases. P. monticola is separated from 


diyuncta by the slender pointed lobes at apex 


19d ). 


MALE. Head: Antenna black with a tinge of 


of the ninth sternum (Fig 
reddish brown on the pedicel and at base of 
first flagellar segment; composed of but six 
clearly detined segments, the apical portion 
evidently made of two closely joined seg- 
ments (Fig. 194). Rostrum about half as long 


as antennae. QOcellar tubercle prominent 


Thorax: Opaque black, lightly gray pollinose; 
with a taint reddish tinge in the ground color 
ot the humeral ridges, the areas to the sides of 
the scutellum, and the metanotum are some- 
times yellow-brown. The halteres are brown 


with brownish-yellow stems. Three distinct 
longitudinal grooves are present on the meso- 
notum. Lees: Entirely black, the tibiae or tarsi 
not swollen. Wines: Dark 


Fork of R 


tance from base of R. to apex ot Ry,;, the first 


brown fumose 


situated at the middle of the dis- 


section of R. is about half the length of the 
Vein Ro, straight entering the costa 
at about an 80° angle to R 


second 
Cubital cell not 
narrowed at apex. Abdomen and genitalia: Sub- 
opaque black, rather sparsely pilose. Clett of 
ninth tergum expanded in middle (Fig. 19/ 

on the inner side ot each plate of the tergum 
is a set of strong curved bristles along the 
posterior inner margin; the anterior inner mar- 
gin is densely covered with short, stout, black 
bristles, these are visible only from an inner 
view of the genitalia. From a lateral view (Fig 


Fic. 19. Plecia m 7, Antenna; 4, ninth 


sternum: ¢c, genitalia, lateral view; ¢, ninth sternum; 


j 


e, end view of claspers and accessory structures of 


aedeagus 


19¢), the tergum is greatly expanded around 
the side of the genitalia. The posterior lateral 
lobes of the ninth sternum are about equal in 
length to the remainder of the segment and 
about two times longer than the claspers as 
Fig. 197). A small sub- 
median lobe lies just inside each clasper and a 


seen in ventral view 


broad moundlike gibbosity is present in mid- 
dle of hind margin of the sternum. From an 
end view the claspers are rather elongate and 
attenuated and a heavily sclerotized comblike 
accessory structure is visible on each side of 
the aedeagus (Fig. 1% 

1.0 mm. 


Length: Body, 3.0 mm.; wings, 


FEMALE: Antennae 7-segmented. Humeral 
ridges, sternopleura, hypopleura, metanotum, 
and sides of mesonotum and scutellum tinged 
with rufous. Wings slightly paler tumose. 
Femora reddish brown on the attenuated por- 
tions. Otherwise as in male except tor genital 
characters 

Length: Body, 3.3 mm.; wings, 5.0 mm 

Holotype male, allotype temale, and two 
male paratypes, Mt. Wilhelm, N.E. New 
Guinea, 3000 m., July 4, 1955 (J. L. Gressitt 

Type and allotype in Bernice P. Bishop 
Museum. One paratype in the U. S. National 


Museum and one at the University ot Hawai 





Plecia morosa Edwards 
Fig. 20a, b 


Plecia tristis Edwards, 1927, Treubia 9: 362, 
fig. e, mec P. tristis van der Wulp, 1884, 
Notes Leyden Mus. 6: 251. 

Plecia morosa Edwards, 1932, Treubia 14: 140. 


A moderately small, opaque dark-brown to 
black species, readily recognized by the dis- 
tinctive genitalia of the male. The lack of de- 
velopment of the posterior lateral lobes of the 
ninth sternum (Fig. 20a) and the strong de- 
velopment of the lobes of the tergum (Fig. 
20/) will separate it from related species. Ninth 
sternum about two times wider than long, the 
posterior lateral margins are rounded and the 
posterior median portion is raised into a semi- 
membranous mound. The claspers are capi- 
tate, rounded at apices, their bases seem to be 
fused with the margins of the sternum (Fig. 
20a 
to its base on the hind margin; the lateral lobes 
are rather slender (Fig. 20/) and extend nearly 


. The ninth tergum is deeply clett almost 


half the length of the segment beyond the 
claspers 

Length: Edwards measured the body and 
wings as 6.0 mm. The specimens I have seen 
measured 3.35-3.75 mm. for the body and 
1.5-5.2 mm. for the wings. 

TYPE LOCALITY: Tjibodas, W. Java 

Type in the British Museum (Natural 
History). 

I have studied specimens trom the type 
locality. 


Plecia ornaticornis Skuse 
Fig. 21a, b 


Plecta ornaticornis Skuse, 1899, Linn. Soc 
Wales, Proc. (2)3: 1374. 


N.S. 


A moderate sized species belonging in the 
complex which has the thorax entirely rufous. 
It appears most closely related to P. ruficornis 
Edwards but is larger and the male genitalia 
are differently developed. The lateral lobes of 
the ninth sternum are rounded rather than 
sharp pointed at their apices; the claspers are 
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FiG. 20. Plecia 


b, ninth sternum. 


truncate, pointed on inner apices rather than 
rounded and a broad rounded median lobe is 
present on the hind margin of the sternum, 
also the lateral lobes are closer together as in 
Figure 21a. 

MALE: Eyes very sparsely pilose. Antennae 
chiefly black, 9-segmented, the second seg- 
ment slightly reddish on apical halt. Legs 
black, segments slender. Wings light brown 
fumose, darker along costal margin. R 
straight or nearly so, forming about a 75 
Petiole of cell M, one-half 
Cubital 


angle with R, 


longer than r-m cross vein cell 


slightly narrowed at apex. Genitalia charac- 
terized by strong lateral lobes of ninth sternum 


and small claspers shaped as in Figure 21a 


Ninth tergum nearly divided into two plates 
(Fig. 214 
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Length: Body, 5.0-6.0 mm.; wings, 6.0 
7.0 mm. 

TYPE LOCALITY: Cairns, Queensland. 

Type in the Macleay Museum, Sydney. 

I have seen specimens from Australia, in 
the British which had 
termined by Dr. F. W. Edwards. 


Museum, been de- 


Plecia palauensis Hardy 


Plecia palauensis Hardy, 1956, Insects of Micro- 
nesia Diptera: Bibionidae and Scatopsidae 


12(2): 88, fig. la—d 


This is a dark-brown to black species but 
the genital characters show relationship to 
P. yavensts Edwards (with the thorax entirely 
rutous). As in savensis the Claspers are joined 
by a narrow sclerotized bridge, the ninth 
sternum is very broad, the median portion of 
the sternum is narrow, and the posterior lat- 
eral margins are acutely pointed (fig. 4, 
Hardy, 1952, Beitr. z. Ent. 2(4-5): 431). It 


difters from savensis and trom other known 


Fic. 21. Pk 


b, ninth tergum 


a, Ninth sternum; 
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Plecia by the details of the male genitalia (as 
shown in Hardy, 1956, /oc. cit., fig. 1c, d) and 
as described below; by the dark coloration; by 


the 6-segmented flagellum of the male an- 


tenna (rather than 8); 


developed ocellar triangle, not greatly reduced 


also by the normally 


as in javensis. 

MALE: Predominantly opaque brown to 
black, bases of halteres yellow. A moderately 
deep furrow is present down each dorsocen- 
tral line and a faint indication of a median fur- 
row is present on the anterior half of the 
mesonotum. The wings are evenly fumose and 
vein R 
ninth tergum is deeply cleft, almost to its 


is almost vertical in position. The 


base, on the hind margin; the lateral lobes are 
gradually tapered and obtuse at apices (/a 
cit., fig. 1c). The posterior lateral margin of 
the ninth sternum is produced into rather 
elongate, slender lobes which extend beyond 
the apices of the claspers; through the median 
portion the sternum is very narrow, measured 
longitudinally it is less than halt as long as a 
clasper. The claspers are simple, obtuse at 
apices, with a partially developed secondary 
lobe on the lateral margins, and with a narrow 
sclerouzed bridge connecting them on their 
inner anterior margins (/oc. cit., fig. 1d). For 
turther details reter to the original. 

Length: Body, 3.0-3.8 
1.5 mm 


mm.; wings, 3.8 
Female unknown 
rYPE LOCALITY 
It is 


Garakayo Is., Palau Islands 


known only trom the Palau Islands. 
Eastern Caroline Islands 


Type in the Bernice P. Bishop Museum 


Plecia parva Malloci 


) 


Fig. 22a-« 


Plecta parva Malloch, 1928, Linn. Soc. N. § 
Wales. Proc. 53: 606 


A rather small species in the group of 
species which have the mesonotum chiefly 
rufous and the pleura brown to black. It is 
distinguished trom all other known species of 
Plecia by the peculiat development ot the male 











FiG. 22. Plecia parva Malloch. a, Genitalia, end view; 
6, ninth sternum; c, ninth tergum. 


genitalia. The ninth segment is fused into a 
ring which forms a capsule surrounding the 
genitalia (Fig. 22a). 

Malloch placed this in the fa/vicollis com- 
plex but the specimens I have seen have the 
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pleura brown to black, the front half of the 
mesonotum is discolored with brown to black 
with the hind portion rufous, also the scutel- 
lum is rufous. In the female the front of the 
me€sonotum is not so extensively darkened. 
The antennae are broken on the specimens at 


hand, Malloch said the antennae are 8-seg- 
mented, exclusive of the minute tip. Legs 
stouter than usual, femora moderately swollen, 
tibiae almost parallel sided. Wings pale brown. 
Vein Ro, slightly curved, forming a 65° angle 
with Ry,5. Petiole of cell M; not quite one- 
half longer than r-m cross vein. Cell Cu not 
narrowed. The ninth tergum and sternum are 
fused on the sides and form a capsule around 
the internal genital structures. The claspers 
and the shape of the hind margin of the 
sternum cannot be seen clearly except in end 
view (Fig. 22”). From a ventral view only, the 
The 


tergum is moderately cleft on the hind margin 


bases of the claspers are visible (Fig. 22/ 


(Fig. 22¢ 

Length: Body, 4.0-4.5 mm.; 
5.5 mm. 

TYPE LOCALITY: Los Banos, Philippine 
Islands. 

Type in the U. S. National Museum 

‘I have studied specimens from Luzon, P. I 


wings, 5.0 


Plecia ruficornis Edwards 


Fig. 23 


Plecia ruficornis Edwards, 1927, Treubia 9: 363 


This species is known only from the type 
male and its exact position is not clearly un- 
derstood. Edwards’ description was very brief 
and his drawing of the genitalia is not entirely 
clear. It is indicated that the lobes on the pos- 
terior lateral margins of the sternum are slen- 
der, sharply pointed and widely spaced, that a 
broad rounded median lobe and a pair of small 
submedian lobes are also present on the hind 
23). The ninth 
tergum has a deep U-shaped cleft on the hind 
margin, the lobes are subacute at apices. 

This fits in the fu/ricollis complex by having 


margin of the sternum (Fig. 


the thorax entirely rufous. It apparently is 
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closest related to P. ornaticornis Skuse, from 
Australia, but is differentiated by the pointed 
widely separated lateral lobes of the sternum, 
the presence of the submedian lobes, and by 
the rounded claspers. 

Length: Body and wings, 4.0 mm. 

TYPE LOCALITY: Kei Island. 

Type in the British Museum (Natural 
History 

Figure 23 of the ventral aspects of the geni- 
talia is reproduced from a sketch made of the 
type by Mr. Paul Freeman of the British 
Museum. 


Plecia rufilatera Edwards 
Fig. 24 


Plecia rufilatera Edwards, 1927, Spolia Zey- 
lanica 14: 119, tig. 1 


A chiefly black species characterized by 
having the sides of the mesonotum dull red 
and the scutellum reddish with a dark median 
line. Legs and abdomen all black. Wings 
brown, stigma darker than the remainder of 
membrane. R»,; nearly straight and nearly 
vertical. Costa extending almost halfway trom 
tip of Ry, to M,.2 


as shown in Figure 24, copied from Edwards 


Halreres black. Genitalia 


Ninth tergite deeply emarginate, lobes 


FiG. 23. Plecia ruficornis Edwards 
from sketch by Paul Freeman 


Ninth 


sternum 


Fic. 24 
view, copied from original. 


Plecia rufilatera Edwards. Genitalia, dorsal 


strongly produced; sides of sternite also greatly 
produced; claspers minute.” 

Wing leneth: 6.5-7.5 mm. 

TYPE LOCALITY: Nuwara Eliya, Ceylon 

Type in British Museum ( Natural History). 
Known only from the type and allotype. 


Plecia siamensis Hardy 


Plecta stamensis Hardy, 1951, Rec. Indian Mus. 
50: 100, figs. a, b. 


A moderate sized species of the fa/vicollis 
complex (thorax entirely rufous) and distin- 
guished by the very characteristic male geni- 
talia sbvarians Walker, 
trom Indonesia, but the ninth tergum is small 


It fits closest to P 


compared to the sternum and the cleft on the 
hind margin of the tergum is narrow, its width 
is only one-fitth to one-sixth that of the seg- 
ment. The ninth sternum has slender. curved, 
acuminate lateral rather broad 


lobes and 


rounded submedian lobes; the latter separated 


bya U-shaped cleft extending about one-third 
the length of the segment, measured in line 
with the submedian lobes. The claspers are 
obtuse at apices. See original for a more com- 
plete description and figures 

Length: Body and wings, 6.0 mm 


rYPE LOCALITY: Koh Chang Is., Siam 
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Type in the British Museum (Natural 
History). 


Plecia subvarians Walker 
Fig. 25a, b 


Walker, 


London, Proc. 1: 105. 


Plecia subvarians 1857, Linn. Soc. 


This species fits in the fa/vicollis complex by 
having the thorax entirely opaque orange to 
rufous. It is closest related to P. siamensis 
Hardy and is distinguished by the male genital 
characters. The ninth tergum is much stronger 
and extends to or beyond the apices of the 
sternum and the cleft in the middle of the 
hind margin of the tergum is broadly V-shaped 
and about one-third as wide as the segment 
(Fig. 25a). The submedian lobes on the hind 
margin of the sternum are pointed on the in- 
ner side just below the apices and are separated 
by a cleft which is sometimes expanded at the 


tf 
x - ~ 
: ¢ 
Se ners 7 
\ Yeu 


Fic. 25. Plecia subvarians Walker 
b, ninth sternum. 


a, Ninth tergum; 
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bottom (Fig. 254). In stamensis the median 
cleft on the ninth tergum is rather narrow, the 
submedian lobes of the sternum are rounded 
and are separated by a U-shaped cleft. The 
posterior lateral lobes of sternum are slender, 
very slightly curved and the claspers are broad 
and blunt. 

The male antennae possess 9 segments and 
the female 11. The wings are light brown 
fumose, darker along the costal margin. Vein 
R»,3 is bent rather sharply at base and enters 
the costa at about a 55° angle to vein R4,->. 
The petiole of cell M, ts one-halt longer than 
the r-m cross vein. Vein Cu, ts bent sharply 
downward near the apex, the apical portion of 
the cubital cell is about equal to the length of 
the m-cu cross vein 

Length: Body, 5.5-6.0 mm.; wings, 6.5 
7.0 mm. 

TYPE LOCALITY: Sarawak, Borneo. 

Type in the British Museum 
History 


Natural 


It has been recorded from Sumatra, Java, 
Ceram, and Singapore. Brunetti (1912, Fauna 
of Brit. India, Diptera Nematocera, p. 163 
recorded sabvarians trom India as a synonym 
of P. fulvicollis (Fabricius), this is an error. | 
have seen the type and other specimens trom 
Borneo. 


Plecia sundaensis Hardy 


Plecia sundaensis Hardy, 1952, Beitr. z. Ent. 
2(4-5): 432-434, fig. Sa, b. 


This species is related to P Mmbvarians 


Walker and to P 


the development of the male genitalia. It 1s 


stamensis Hardy because of 


readily ditterentiated by the very deep, broad 
cleft on the hind margin and by the sharp 
pointed lateral lobes of the ninth tergum (/« 
cit., fig. Sa); by the more evenly tapered, 
sharp pointed lateral lobes and by the more 
slender submedian lobes of the ninth sternum 
(Joc. cit., fig. Sb). Also the hypopleura of 
sundaensis are brown to black and a small 
brown spot is present on the upper portion of 
each mesopleuron, rather than the pleura be- 
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ing entirely rufous. The ninth tergum is cleft 
nearly to its base by a broad U-shaped con- 
cavity on the hind margin; the cleft is broader 
than each of the lateral lobes. The claspers are 
about two tmmes longer than wide and are 
gradually tapered to a subacute apex 

For a more complete description and figures 
refer to the original 

Length: Body, 

TYPE LOCALITY 
Islands 


5.5 mm.; wings, 7.0 mm. 


West Flores, Lesser Sunda 


Type in the Deutsches Entomologisches 
Institut, Berlin. 


Plecia tenebrosa n. sp 


Fig. 2Ga, / 


Related to P. erebea Skuse, from Australia, 
but the male genitalia are very ditterent, as 
10a 
A moderately large predominantly 
Head. 


shown in Figures 26a and 


MALI 


dull-black species Antenna reddish 


\ 
‘ \ 
* 
‘ } 
~ 


“= 
\ \ 
r 


gg 


Ninth 


b, ninth tergum 


sternum, 
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brown, with only seven distinct segments, the 
last two are closely joined. Mouth parts rather 
elongate, their length is about equal to the 
height of the head. Ocellar tubercle large, 
prominent. Thorax: Largely black humeri ru- 
fous, pleura and metanotum tinged with 
rufous in the ground color. Knobs of halteres 
black, stems brownish red. Legs: Dark brown 
to black, tinged with red; densely black haired 
Wimes: Light 
mose, stigma slightly darker than the re- 
Vein Ro, slightly 
nearly vertical and almost meeting tip 


Segments slender brown fu- 


mainder of membrane. 
curved, 
of R, at wing margin. The costa extends about 
one-third the distance between the tips of 
veins R;.; and M,, 
Dark brown to black, all pile black. The ninth 


Abdomen and genitalia 


tergum is rather gently concave on hind mar- 
gin, the concavity extending only about one- 
third the length of the segment (Fig. 26/ 
The ninth sternum ts slightly wider than long, 
the posterior lateral margins are rounded and 
are produced just a short distance beyond 
bases ot claspers; the posterior median margin 
has a rather sharply pointed lobe. The claspers 
are rather large, 
Fig. 26a 


Leneth: Body, 8.0 mm 


simple, pointed at apices 
; wings, 8.7 mm. 
Female unknown. 
Holotype male and three paratypes 
coll. Winthem.’ 


scum 


Java 
‘In the Naturhistorisches Mu- 
Wien under the name " fa/vicol/is 

lype and one paratype returned to Vienna 
One paratype in the Bernice P. Bishop Mu- 
seum and one in the University ot Hawaii 


collection 


Plecia tergorata Rondani 
Fig 27a-( 
Plecta tergorata Rondani, 1875, Ann. del Mus. 
Civ. di Nat 


Plecta karnyt Edwards, 


Storia di Genova 8: 462 
1927, Treubia 9: 363, 


tig. 3a, b. New synonymy 


Edwards’ figure bof P. £arnyz would seem to 
ditter trom fergorata by not having the claspers 
ot the male joined and by the claspers being 





Fic. 2 lectaa te rata 


b, right clasper, end 


Rondani Ninth sternum 


view; ¢, ninth tergum 


more slender and pointed as seen trom a ven- 
tral view. I have studied in detail a specimen 
trom W. Java which compared with Edwards’ 
type in all respects. The claspers are joined 
and the ditterence in shape seems to be due to 
orientation. I see no way to distinguish these 

Plecia tergorata has not been recognizable 
1912, Fauna ot 


British India, Diptera Nematocera, pp. 164, 


from the literature. Brunetti 


165) obviously was wrong in recording (re- 


describing) it from India Speaking ot the 


specimens before him trom northern India, he 
said ‘there can be no doubt of their identity 
with this species 


were based entirely upon color and antennal 


His assumptions, however, 


characters and his conclusions would have 
applied just as well to more than a dozen 
other Species 

This fits in the complex which has the 
mesonotum rufous and the pleura brown to 
black. The male genitalia show relationship to 
P. savensis Edwards ( fulvicoll: complex by 
having the claspers joined at bases; the struc- 
tures are, however, quite ditterently developed, 
the claspers lack the long apical lobe and the 
rod-shaped accessory structures at sides of the 
aedeagus are also lacking 

Male antennae almost entirely dark brown 


to black, tinged with yellow on the scape and 
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pedicel; 9-segmented with the apical 2 rather 
closely fused. Ocellar tubercle. prominent 
Mesonotum and scutellum all rufous except 


for a tinge ot brown on the tront portion ot 


the former. Pleura entirely brown to black. 
Halteres brownish yellow. Legs brown, tinged 
with rufous in the ground color of the temora 
Tibiae and tarsi nearly straight sided, not 
swollen. Wings brown fumose, vein R 

oblique, entering the costa at about a 60 
angle to Ry. 5. The ninth sternum is about two 
times broader than long, acutely pointed at 
posterior lateral margins, and largely mem- 
branous on the posterior median portion. The 
claspers extend as tar as apices of sternum, are 
joined at bases by a narrow sclerotized bridge; 
the apices are rounded and a subacute point 1s 
present on inner margin, as seen trom dorsal 


view (Fig. 27a). From an end view the clasper 


is bilobed at apex, with a rounded apical lobe 
and a narrower, truncate subapical lobe on 
Phe ninth tergum is 


outside margin (Fig 
two times broader than long, deeply clett on 
the hind margin, and with the posterior lateral 
margins developed into slender lobes, rounde 


at apices 
Leneth: Body and wings 


TYPE LOCALITY: Borneo 


Type in the Museo Civico di Storia Nat 


rale, Genova, Italy 


have studied the type temale and the series 


of 2 and 3 * labeled “Giava Tetbodas 


this may possibly be spelled Teybodas), Ort 


1872, O. Beccari They were evidently the 
specimens studied by Rondani and are | roba 
bly paratypes. The details of the genitalia 
given above and the tigures are based upon 
one of these males, kindly loaned to me by 
Dr Delta Guighia ot the Museo Ci ico 

Naturale, 


v. Ent. 74: 279 


Storia Genova. Edwards (1931, 


lijdschr recorded it trom 
Sumatra and said it was much like £arnys Ed 
wards. I have also seen specimens trom Bras 
tagi, Calydris, Sumatra, Aug. 1924, in the 


British Museum (Natural History 
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Plecia tjibodensis Edwards 


Plecia thibodensts Edwards, 1927, Treubia 9: 363, 


fig. c. 


A moderately small species belonging in 
the group of species which have the thorax 
rufous above and brown to black on the pleura 
It seems most closely related to P. tergorata 
Rondaniand dabia Edwards and is distinguish- 
ed by having a rather shallow cleft on the hind 
margin of the ninth tergum, extending about 
one-third the length of the segment; rather 
than the cleft extending nearly to its base 
Also the claspers terminate in a slight point at 
their outer apices. From Edwards’ figure it ap- 
pears that the sternum ts about three times 
wider than long, the posterior lateral margins 
are rounded and there 1s apparently no median 
lobe on hind margin. It appears that the 
aedeagus 1s rather well developed, extending 
and has a small 


nearly to apex of sternum 


accessory structure on each side. Reter to 


lu #., Tigure ¢ 
Length: Body, 3.5 


TYPE Low 


10mm.; wings, >.0mm 


ALITY: Tyibodas, Java 


British Museum (Natural 


Type in the 
History 


I have not studied specimens ot this species 


Plecia tridens n. sp 
Fig. 28a 


Fitting in the complex ot species which 


have the thorax all rutous but with strikingly 


ditterent genitalia trom any of the known 
species (Fig 


MALE. Head: Antennae brown, tunged with 


rufous on the basal segments; 9-segmented 


Ocellar triangle well developed Thorax: En- 


jue yellow-red except for a faint 


at up of scutellum. Stems of 


teres vellow, knobs brown. Lees: Brown to 


tinged with rufous on the coxae and 


bases of femora: segments slender. Wen 


Faintly brownish or yellowish tumose, darker 


along costal margin. Vein Re,, at about a 75 


angle to R fhdomen and genttaltia: Enurel 


dark brown to black. Ninth tergum clett 


nearly to its base on the hind margin (Fig 


28a). Ninth 


sclerouzed, three-pronge { projection from the 


sternum with a large, heavily 


Claspers large, 


sclerotized, each with an acute sub 


middle ot the hind margin 


heavily 


apical point, a well-developed basal lobe on 


inner margin, and lying directly behind the 
portion ot 
} 


Leneth: Body, 


Female unknown 


projected the sternum (Fig. 28 


1.0 mm Wings, 4.4 mm 


Holotype male, Ins. Wetter, Netherlands 
18906 (¢ } | 


Indies. Acq c Schadler 


Type returned to the Riyksmuseum van 


Natuurlijke Historie, Leiden 
Plecia tristis van der W ulp 
Fig 


Plecia tristis van der Wulp, 1884, Notes Leyden 
Mus. 6: 251 
One male in the Rijksmuseum van Natuut 

lijke Historie, Leiden, trom Java appears to be 


species dis 


this species. It is a small, all-black 








FiG. 29. Plecia tristis van der Wulp. a, Ninth tergum; 


tinguished from other Plecia by the male 
genital characters. The thorax is grayish on 
pleura and margins of mesonotum, also down 
the furrows; the areas marked off by the fur- 
rows are faintly subshining black. The wings 
are faint yellow-brown fumose. Vein Ro, is 
straight and oblique and forms about a 45° 
angle with vein R,.5. The ninth tergum is 
deeply concave on the hind margin and the 
lateral lobes are well developed (Fig. 29a). 
The ninth sternum has a long fingerlike pro- 
jection from the posterior median margin ex- 
tending nearly to apices of claspers. The pos- 
terior lateral margins of the sternum are de- 
veloped into a pair of sharp pointed lobes 
which extend beyond the claspers (Fig. 294). 
From a direct ventral view the clasper appears 
blunt and rounded at the apex. As seen from a 
lateral view (Fig. 29c) a pair of dorsally 
projected lobes are developed. 

Length: Body, 4.0 mm.; wings, 5.0 mm. 

I have studied one specimen trom Goen- 
ceng Cedah, Java, Mar. 1911 (Leiden Mus.). 

TYPE LOCALITY: Mount Ardjoeno, East Java. 

The type is supposed to be in the Rijks- 
museum van Natuurlijke Historie, Leiden, 
Holland, but I was unable to find it when I 
visited the Museum in August 1954. None of 
van der Wulp’s specimens seemed to be desig- 
nated and I doubt that the type of P. tristis is 
still extant. 


, ninth sternum; ¢, 


inner lateral view of right clasper 


Plecia varians Edwards 
Fig. 30a, / 
Plecta varians Edwards, 1928, Jour. Fed. Malay 
States Mus. 14: 43 


The original description consists of only 
two lines saying that the species “closely re 


sembles P. svhvarians, dittering only in the 


male hypopygium, especially in the shape of 


the claspers,”’ plus a figure trom a dorsal view 
Edwards’ figure is not clear, the claspers are 
not differentiated from the sternum. It is 
probable that Edwards mistook the curved 
lateral lobes of the sternum tor claspers, the 
claspers themselves are not distinctive, but the 
lobes of the sternum will separate it from 
related species. 

Antennae of male 9-segmented, including 
the nipplelike tip; the female antennae are 10- 
segmented. These are all black in the male and 
tinged with yellow on the first two segments 
in the female. The front of the female has a 
predominent orange colored tubercle and a 
moderately distinct ridge down the middle 
Thorax entirely orange to rufous. Legs dark 
colored, segments all slender. Wings light 
brown fumose. Vein Re,, straight, torming a 
75° angle with R,y,5. Petiole of cell M; two 
times longer than r-m cross vein. Cubital cell 
just slightly narrowed in the male, more 


strongly narrowed in the female. Ninth tergum 





Plecia — HARDY 


of male two times wider than long with a 
broad U-shaped cleft in middle of hind margin 
(Fig. 304). Ninth sternum wider than long 
with slender, inwardly curved lateral lobes and 
rather broad, rounded submedian lobes on 
hind margin, the latter separated by a basally 
expanded clett. The claspers are two or more 
times longer than wide and are obtuse at 
apices (Fig. 30/ 

Length: Body, 5.5-6.0 mm.; wings, 7.0 
8.0 mm 

TYPE LOCALITY: Pahang, Malaya 

Type in the British Museum 
History 


Natural 


I have studied the type series in the British 
Museum 


Plecia (Heteroplecia) visenda Hardy 


Plecia ( Hete roplecta visenda Hardy, 1950, Ha- 


wali. Ent. Soc. Proc. 14: 75-76, fig. la, b. 


This is the subgenotype of Heteroplecia 
Hardy which ts characterized from other Plecta 


by the absence of ocelli or an ocellar triangle; 


there are no indications of these structures in 


Fic. 30. Plecia varian 
b, ninth sternum 


Edwards. a, Ninth tergum; 
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either sex, and the compound eyes of the male 
are joined on the front up to the hind margin 
of the head. The species can be recognized by 
the subgeneric characters; it 1s a large species 
which has the thorax all rufous but the male 
genitalia are very different from those of other 
Plecia known to me 

MALE. Genitalia: The tergum and the ster- 
num are partly fused laterally on the dorsum. 


The tergum is developed into two large, some- 


times divergent, lobes separated by a cordate 
shaped median cleft (/oc. cit., tig. la); the 
lobes are not usually so divergent as was fig- 
ured, the genitalia of this specimen probably 
had been flattened. The ninth tergum extends 
about two times the length of the sternum. 
The ninth sternum is developed into a large 
rounded lobe on each posterior lateral margin, 
these extend nearly three-fourths the length 
of the clasper; the posterior median margin 
has a broad, irregular, submedian lobe just 
inside each clasper, these are separated by a 
small cleft which has a small median point at 
its base. The claspers are rather strong, ex- 
tending well beyond lobes of sternum, and are 
sharp pointed at apices (oc. cit., fig. 1b 
Length: Body, 


12.0 mm 


9.5 mm.; wings, 11.0 

The female has not been previously de- 
scribed. It fits the characteristics of the male 
except tor sexual characters. The front is mod- 
erately broad, at its narrowest point it is about 
two-thirds as wide as one eye, measured trom 
dorsal view; the front is subopaque, densely 
dark gray pubescent with a short keel in mid- 
dle below, just above antennae and evenly 
rounded on the upper portion and vertex with 
no indication of ocelli or an ocellar triangle. 
The head is almost as high as long, the occi- 
put is scarcely produced. Antennae brown, 
tinged with rufous especially on the basal 
segments; 12-segmented, counting the small 
tip portion. The palpi are elongated, they are 
one-third longer than the head or the antennae. 

Length: Body, 10.0 mm.; wings, 12.0 mm. 

TYPE LOCALITY: Mt Dutch New 
Guinea. 


Fiori, 
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I have since seen a large series from Arau- 
caria Camp, 800 m., Netherlands Indies- 
American New Guinea Exped., Mar. 1939 


(L. J. Toxopeus). 


Plecia zamboanga Hardy 


Plecia zamboanga Hardy, 1950, Hawaii. Ent. 


Soc. Proc. 14: 84-85, figs. 9a, b. 


A large species fitting in the fa/vicollis com- 


plex because of the entirely opaque yellow to 


orange thorax. It is closest to P. fulvicollis 
(Fabricius) and is ditt erentiated by the striking 
difterences in the development of the ninth 
sternum of the male. The claspers are tiny and 
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inconspicuous and are partially fused with the 
sternum. The broad, heavily sclerotized, me- 
dian process on the hind margin of the ster- 
num is truncate at apex, rather than being 
bilobed and the lobes of the posterior lateral 
margins are very ditterently developed (as 
tig. 9b). 


is deeply clett on the hind margin, the lobes 


shown in /sc. cit., The ninth tergum 
are broadly rounded at apices (/oc. cit., tig. 9a 
Length: Body, 9.0-9.5 mm.; 
10.5 mm. 
TYPE LOCALITY 
Philippine Islands 


wings, 10.0 


Zamboanga, Mindanao, 


Type in the Museum otf Comparative 
Zoology 





Central Pacific Eels of the Genus Uropterygius, 
with Descriptions of Two New Species’ 


WILLIAM A. GOSLINI 


IN THE CENTRAL PACIFIC 


is, atter the related 


, at least, Lropterygius 


Gymnothorax, the largest 
and most dithcult genus of eels. Inadequate 
knowledge precludes any tinal revision at the 
present time either of the genus as a whole or 


| 


of the species in the region under considera 


tion. The individuals are, tor the most part, 


among the smallest and most inconspicuous 
of morays, and some species doubtless remain 
undescribed. Nomenclatorially, the tinal allo 
cation of the older names to the various forms 
must await examination of the types or of 
Where 


the solution of nom 


topotypical material the specimens 
available do not aid in 
enclatorial problems, | have tollowed Schultz 
1953: 140-159): to do otherwise would only 
be substituting one dubious name for another 

The basic 
laid 


140 


classification of the venus was 


down by Schultz (1943: 23-33; 1953 
159). The present paper could not have 


been written without this groundwork. It 1s, 


indeed. something ot anaddendum to Schultz's 
treatments of the genus, and full descriptions 


and synonymies have been omitted here. Its 


purpose is to cl 
and relationships between Central Pacitic spe 


arity turther the distinctions 


cies ot Lropteryems, and to describe two 


new ones 


Hawan Marine Laboratory 
mology 
Departn 

versity ot Ha 
I believe I policy ce 

advantageously | 1 tor other ntral Pacity 
That th rentiti ian ' d 1 


fishes trom 


tishes lost of the 
rovisional may as 
well be adr iestion of what pro 
visional set nan t ccey The 
Schultz 


LrOUups eK 1 nh 


} 
nomenciature of 
as the various 
How 


t sucha pe licy should not be con 


nurse, 
a world-wide basis 


ever, the ad 


strued as a deterrent to further work on the zoological 


entities represented within the Central Pacitic, or to the 
adoption of the nomenclatorial 


changes necessitated 


by such work 


The genus, as here recognized, has the 
limits drawn for it by Schultz (1953: 99), 1.e 
Scuticaria is Considered a synonym but An 
archias is excluded as a separate valid genus 
Within the area under consideration Uroptery- 
gins may be suthciently defined as containing 
those muraenid eels with no lateral-line pore 
near the posterior nostril, with sharp teeth in 
the jaws, and with the tins restricted to the tail 
region. (An alizarin-stained specimen of 


énightt shows that in this species, at least, the 


rayed portions of the dorsal and anal fins com 


i 


mence about one head length ahead of the tip 


of the tail.) The investigated members of the 


genus, except LU’. xanthopterus, seem to be dit 
terentiated trom other muraenids in having a 
single open lateral-line pore above and betore 
the gill opening. Other morays 


| th tdna 


/, Various species ot Gymnothora 


examined 


Muraena pardalts, 


, ; 
4 [are / ‘ids dildVdicel, 4 | cant ie i] 


CHOMVH 


have two pores, one in 


front of the other, in this area (as does 
thoptert The one exception 


bra, which does not have any pore 
type ot lL vropteryein is l con 


x 


Lhe 
lippell trom the Red Sea 
THE CENTRAI 

OF L’roptery 


PACIFIC SPECIES 


gs 


Anus in tront of or approximately under 
the middle of the length 3 
Anus at least two-thirds of the way back 
length 


lengtl 2 


along the 


least 


Species reaching at 


5 feet in 


Posterior nostril over front border of or- 


bit; color plain brown U. sealei 


Posterior nostril over eve: color lig 
with prominent round or oval « 


blotches U. tigrinus 





Anus somewhat in front of middle of 
length; body without large, round or 
oval dark blotches 5 


Anus under or slightly behind middle of 
length; body with large, round or oval 
dark blotches 4 


Vomerine teeth continuous with those 
on the premaxillary (Fig. 14) and of ap- 
proximately the same form; posterior 
nostril in a tube in specimens over 10 


inches long, head without lengthwise 


bands.... U. polyspilus 


Vomerine teeth well separated from the 
premaxillary series, relatively small, con- 
icai; posterior nostril without a tube; 
head with lengthwise bands. U. fijiensis 


Gill opening on middle or lower third of 
sides 7 


Gill opening high, on upper third of 
sides. Teeth multiserial on the sides of 
jaws (Fig. le, d); eye in front of middle 
of wide gape 6 


Teeth in a broad band all along the sides 
of the upper jaw (Fig. 1c); head and chin 
spotted; maximum known length, 17 
inches U. supraforatus 


Teeth in 3 or 4 rows along middle of the 
upper jaw, tending to become biserial 
posteriorly (Fig. 1d); head and chin 
plain; maximum known size, 10 inches 

U. fuscoguttatus 


Teeth on the sides of the jaws in one or 
two rows; vomerine teeth uniserial or 
absent; maximum size about 10 inches.8 


Teeth on the sides of the jaws in three 
rows; vomerine teeth in two or three 
rows in front; maximum size 3 feet 

U. marmoratus 


Teeth on the sides of the jaws in two 
rows; vomerine teeth present 9 


Teeth on the sides of the jaws in a single 
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row; no vomerine teeth (Fig. le). Color 
uniform brown U. inornatus 


Markings of some sort always present. 10 


Color uniform brown. Inner row of teeth 
on the lower jaw extending only about 
two-thirds of the way back along the 
outer row ; U. concolor 


A single open lateral-line pore in front of 
and above the gill opening (for the ap- 
proximate position of this pore, see Fig 
) 


2); no scattered light punctulations on 
the head and body 11 


Two open lateral-line pores in front ot 
and above the gill opening, one before 
the other; numerous scattered light 
punctulations on head and body 

U. xanthopterus 


Posterior nostril over or behind the mid- 
dle of the eye, which lies over or behind 
the middle of the gape 12 


Posterior nostril over the tront of eye, 
which lies ahead of the middle of the 
gape U. micropterus 


Tail more or less pointed, the terminal 
rays about two eye diameters in length; 
gape short, contained more than 3 umes 
in the head length (to gill opening 

U. makatei 


, 
Tail bluntly rounded, thé rays at its tip 
short, less than an eye diameter in length, 
gape relatively wide, contained tewer 
than 3 times in the head length 


U. knighti 


Uropterygius sealei Whitley 
Table 1 


TYPE LOCALITY: Society Islands. This spe- 
cies was originally described as Seawticaria unt- 
color by Seale; the specific name is said to be 
preoccupied. 

MATERIAL EXAMINED: One specimen trom 
the Honolulu aquarium. 





Uropterygius Eels — GOSLINE 


The posterior position of the anus and the 
plain brown color together are said to be dis- 
tinctive. The other two plain brown species of 
Uropterygius do not seem to reach more than a 
foot in length whereas our specimen of U 
sealet is 3 feet long. The dentition of the avail- 
able specimen is somewhat mangled. Appar- 
ently unknown outside of the Society and the 
Hawaiian Islands. 


Uropterygius tigrinus (Lesson 
Table 1, Fig. la 


TYPE LOCALITY Islands. Several 
specimens examined from Johnston Island 
and the 


in length. 


SOCIeT y 


eed 


Hawanan chain, to 34 inches 
The posterior position of the anus, together 
with the round black markings on the sides, 
is distinctive. The great similarity between 
and LU’. polyspilus will be discussed 

under the latter species. In tooth pattern, | 


tierinus and I 


UU. tigrinus 


ealet are very similar and ditter 
from all other members of the genus. The 
teeth of the inner maxillary row, those on the 
vomer, and the larger premaxillary teeth are 
all subequal in size. The inner maxillary and 


premaxillary teeth are distinctly separated by 


4 Sore. 4" 
bee etch song - 
oS e'O'e' o'er" e* ah ane 
- 
© 6.6 2 © .o ,.S5%e 
oe es 
‘ i q 


eceeetecee 


b 


FIG 
4, U. fusco 
jaw below. 


guttatus; e, U. inornatus; f, U. makatet; 2, U. kni 


a gap which is not much smaller than that 
separating the vomerine teeth from those on 
the premaxillary. The mandibular teeth are 
biserial but the inner row stops short of the 
front of the eye. 


Uropterygius polyspilus (Regan 
Table 1, Fig. 14 

TYPE LOCALITY: Tahiti 

mens available from Johnston Island and one 


Two small speci- 


17-inch individual from Honolulu, Hawau 
The young of this species, up to at least 8 
inches in length, may be recognized immedi- 
ately by the abruptly light snout (yellow in 
lite). However, the 17-inch specimen, which 
agrees with small specimens in other respects, 
lacks the light snout; its color pattern is an 
almost exact duplicate of that of U. tgrinus 
Indeed the specimen was identified as U. #- 
erinus until the relatively forward position of 
the anus was noted. ( Because of this similarity 
ot color pattern the original description of 
tiertinus was checked to see that it did not 
really represent this species. Fortunately the 
description states that the anus is two-thirds 
of the way back along the body, which elimi- 


nates this possibility However, the dentition 


e f 


1. Diagrammatic representation of dentition of a, Uropterygius tigrinus; | 


} 


ghti. Each dot represents a tooth; upper jaw above, lower 
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TABLE 1 
TOOTH COUNTS IN CERTAIN SPECIES OF Uropterygi 


TEETH ON ONE Sip! 


LENGTH OF 


SPECIES LOCALITY 


SPECIMEN 


On outer Oninner 9 On outer On inner 


IN INCHES row row row row 


Oahu 
Johnston 
Oahu 
Line Is 
Gilberts 
Yuamorus 


! 


of the two species is entirely ditterent. In the 
lower jaw of U. polyspilus the inner row of teeth 
extends about as far back as the outer, and the 
inner rows on both jaws as well as some of the 
teeth on the premaxillary and vomer are deti- 
nitely enlarged and fanglike 


Uropterygius fijiensis Fowler and Bean 


TYPE LOCALITY: Fiji. The type and only 
known specimen has been brietly redescribed 
by Schultz (1943: 24, 26, fig. 3f 

Judging from the descriptions the salient 
features of this species are: anus slightly be- 
hind middle of length; eye forward of middle 
ot the moderate gape; rear nostril over front 


border of pupil; color pattern of five or six 


irregular rows of brown spots, more or less 
joined, and about eight or nine somewhat 
broken lengthwise bands on the sides of the 
head. The bands on the head would appear to 
be unique among Central Pacific species ot 
Uropterygms. 

The color pattern is somewhat reminiscent 
of U. polyspilus and U. tigrinus but the tooth 
pattern would seem to place it in an entirely 
different portion of the genus. 


Uropterygius supraforatus (Regan 
Fig. le 


TYPE LOCALITY: Savaii, Western Samoa. 
SYNONYM: U. dentatus Schultz, with John- 
ston Island as type locality. Four specimens, 


to 16 inches long, examined from the 
Gilberts, Johnston Island, and Honolulu. 


above! above below below 


10 10 
18 ‘ 


a5 


The similarity between | 
and U. fuse 


ously noted (Gosline, 1955: 155 


upraf raills, { 
dentatus, euttatus has been previ- 
There, in 
the absence of adequate comparative material, 
LU’. supraforatus and | 
visionally recognized. Subsequent examina 
tion of two Gilbertese specimens tailed to 
show any basis for separating the two, which 
are herewith synonymized 

Schultz (1953) allocates specimens to both 
UL’. supraforatus and U. dentatus 


ation of the two Species IS based on color dit- 


His ditterenti- 


ferences and ona gap between the vomerine 
As to 


this gap, I find it no greater in our Johnston 


and premaxillary teeth in LU. dentatn 


Island specimen topotypic for L. dentat 

for the Gilbertese specimens that appear to be 
typical of U. supraforatus. In color, the most 
significant difference between the Johnston 
and Hawanan specimens at hand and those 
from the Gilberts is the heavier spotting on 
former; but these also 


the specimens are 


larger, and other species ot lL) pherygius also 
become more heavily pigmented with in 


creasing size 


Uropterygius fuscoguttatus Schultz 


Fig. 1d 


TYPE LOCALITY: Bikini 

MATERIAL EXAMINED: Numerous specimens 
from Hawai and Johnston Island. 

About the only ditferences between this 
species and UL’. supraforatus seem to be those 
mentioned in the key. In the presence ot 





l roptery gis Eels — GOSLINI 


needlelike vomerine teeth far forward, though 
not in other characters, these two species 
somewhat resemble | 
U. polyspilus. 


sealer, U. tierinus, and 


In the Hawaiian Islands this species occurs 
commonly in about 25 to 75 feet of water, but 
it was taken at a much shallower depth at 
Johnston Island, 
j 


G 


probably because of the very 
itterent reet Conditions there 


Uropterygius marmoratus (Lacepéde 


New Britain 


p nthe Vin 
/ a é 


TYPE LOCALITY 
SYNONYM?: Icht Lesson 
No specimens seen 

Lacepeéde’s original description, based on 
Commerson, is of a marbled brown and white 
U'ropterygius, a meter in length, with needlelike 
teeth. Lacepede’s name has been applied to 
various members of the 


identified 


genus. Here, it 1s 


with the species called Gymnomu- 


nxt marmorata by Weber and de Beaufort 
1916: 497 


raicnd 
figs. 193, 194) and presumably 
represented by the larger specimens listed un- 
by Schultz (1943 


der l r ip ryeias mMarmoraln 


33; 1953: 155). The tollowing combination of 
characters would seem to be distinctive for 
this species: large size, anus in front of middle 
of length, many rowed teeth, and gill openings 
about haltway up the sides. It would appear to 


} 


be most similar to U’. supraforatus 


In recent years Schultz (1943, 1953 has ap- 
parently contused two species in his accounts 
ot l 


taken, | 


marmoratus ander the impression (mis 
tooth 
rows increase with age I can tind no support 


believe) that the teeth and 
for this supposition in available material of 
any species of l) plerygius 


Uropterygius inornatus new species 


Table 2, Figs. le, 2a 


HOLOTYPE: U.S.N.M. 175007, 187 mm. total 
length, oft Waikiki reef, Oahu, in 25-35 ft. of 
water, Dec. 31, 1952, Gosline, Brock, Randall, 
¢i al 

PARATYPES: University of Hawai No. 1686, 
2 specimens, 108 and 129 mm., with the same 
data as the holotype; U.H. No. 1788, 1 speci- 


mm., cove 1 mi. north of Kailua, 
Hawaii, in 12-30 ft. of water, June 19, 1953, 
Brock, Gosline, ef a/.; UH. No. 2362, 2 speci- 
mens, 117 and 189 mm., 


men, 107 


mi. off Hawauan 
Village, Waikiki, in 25-30 ft. of water, Sept 

1951, Herald, Harry, Brock, Gosline, et a/ 

A very slender eel, heaviest just behind the 
head, and distinctly smaller near the tail (see 
Table 2). Caudal fin rays extending at least 
one eye diameter beyond the tip of the last 
vertebra 

The posterior nostril has no raised rim and 
opens above the middle of the eye; there 1s no 
lateral-line pore near it. The eye lies nearer the 
corner of the mouth than to the up of snout, 
but the gape extends at least an eye diameter 
behind the eye. The usual lateral-line pores 
are present on the head, but on the jaws there 
are only 5 


sometimes 4 OF 5 pores on each 


side instead of the usual 6. A single open 
lateral-line pore is present in front of and 


} ] 


above the gill opening, as is normal for 


Uropterygius. The gill opening lies slightly 
above the midline of the sides 

The teeth are uniserial on the sides of the 
mouth. The only needlelike teeth are a few at 
the front ot each jaw. There are no vomerine 


teeth in any of the six specimens 

The color is a plain, uniform brown though 
the tip of the tail and the chin are a lighter 
brown 

The uniserial teeth on the sides of the jaws 
and the absence of vomerine teeth in this 
species seem to be unique tor Uropterygin 
The closest relative ot lL’. snornatus 
be l 


appears to 
concolor Riippell. (Certain counts and 
measurements of the only available specimen 
ot the latter species, trom Onotoa in the Gil 
bert Islands, are given in Table 2 tor compari- 
son.) U. concolor exactly duplicates U. im 
natus in Color, but appears to be a stockier, 
longer-headed eel with vomerine teeth and 
with a second, inner row of larger teeth run 
ning at least two-thirds of the way back in 
each jaw. 

The name is derived from the Latin word 


inornatus, Meaning undecorated 





Uropterygius concolor Riippell 
Table 2 


TYPE LOCALITY: Red Sea. One specimen 


from the Gilberts examined, slightly less than 
5 inches long. 


This is one of three plain brown species of 


Uropterygius known from the Central Pacific. 
From U. sealez it ditters in the more anterior 
position of the anus and in having the small, 
conical, vomerine teeth widely separated from 
the fanglike teeth of the premaxillary. U. 
inornatus does not have any vomerine teeth at 
all. Dental pattern in U. concolor is about as in 
Figure 1f; tooth counts and measurements for 
the available specimen are given in Table 2. 


Uropterygius xanthopterus Bleeker 
Table 1 


TYPE LOCALITY: East Indies. Numerous 
specimens available from the Line, Tuamotu, 
and Marshall Islands. 


Uropterygius xanthopterus is unique among 
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available forms of the genus in having the 


usual two muraenid, but not Uropterygins, 
lateral-line pores above and ahead of the gill 
opening. The light speckling on a dark ground 
is equally distinctive. The tooth pattern is 
about as in Figure If, 


Uropterygius micropterus (Bleeker 
Table 1 
TYPE LOCALITY: East Indies. Schultz (1953: 
156) considers LU’. tinkhami Fowler, type lo- 
cality, Carolines, as a synonym of this species. 


MATERIAL EXAMINED: One 
inches long, trom the Gilberts 


specimen, 9 


Judging from the specimen available, the 
forward position of the nostril and eye noted 
in the key are better distinguishing characters 
tor this species than the color pattern; the 
vomerine teeth are biserial in front as shown 
in Schultz's figures and not uniserial as stated 
in his description (1953: 156). Except for the 
biserial vomerine teeth, the dentition is about 
as in Figure lg 


TABLE 2 
CERTAIN COUNTS AND MEASUREMENTS IN THREE SPECIES OF L’roptery eis 
Measurements, aside from total length and height of gill 
opening, expressed as thousandths of the total length 


Holotype 


Total length (mm 

Greatest depth 

Depth at anus 

Depth one head length before rail 

Distance from tip of snout to anus 

Head length, measured to gill opening 

Tip of snout to corner of mouth 

Snout length 

Eye diameter 

Distance from eye to corner of mouth 

Length of middle caudal rays 

Height of gill openings, in per cent 
distance up sides 

Tooth counts 
Outer row above, on one side! 
Inner row above, on one side! 
Outer row below, on one side 
Inner row below, on one side 
Median teeth on premaxillary 
Median teeth on vomer 


These 


l ’ mornatus 
l m tk atet 


Five paratypes Holotype 


187 107-189 


44-48 


counts include both premaxillary and maxillary teeth within the rows indicated 





Fic. 2 Heads of holotypes 
Uropteryeius makatei 


Uropteryeius makatei new species 
Vg } 


Figs. 1/, 2 


Table 2, 


HOLOTYPE: (Only known specimen.) U.S 
N.M. 175008, 230 mm. in total length, taken 
just west of the phosphate dock, Makatea, 
northern Tuamotus, over reet flat and in surge 
channel, Mar. 15, 1956, by John E. Randall 

A short-jawed, heavy-headed, stocky Urop 
terygius. The tail is bluntly pointed with the 
terminal rays well developed tor the genus 

The posterior nostril has a rudimentary mm 
and opens above the middle of the eye; there 
is no lateral-line pore near it. The small eye 
lies over the middle of the gape which is very 
short, contained almost tour times in the head 


The 


genus are present. The gill opening ts very 


length usual lateral-line pores of the 
low, almost ventrally directed 

The teeth in the inner maxillary, premaxil- 
lary. and mandibular rows are moderately en 


larged and fanglike. The vomerine teeth are 


smaller and essentially similar in size to those 
on the outer rows of the jaws 

The ground color is light with brown reticu- 
lations darkest on the snout and back, present 
on the mandible and lower surtace of the body 


posteriorly, and almost completely lacking on 
the belly, which is plain gray. The anterior 
nostril and the head pores are of the same 
color as the surrounding areas, but the pos- 
terior nostril has a rather narrow white rim. 


Uropterygius makatei seems to have shorter 
jaws in relation to the head length than any 
of the others taken up here. It also has the gill 
openings lower on the sides. This latter char- 
acter places it with UL’. énighti in the key, but it 
has more of the look and coloration of U. 
micropterus. This last species has far longer 
jaws and more numerous teeth than UL’. ma- 


kate, however. In tooth pattern, the new spe- 


cies belongs with LU’. concolorand U. xanthopterus. 
Named makatei tor the island at which it 
was taken. 


Uropterygius knighti ( Jordan and Starks 


A 


Table 1, Fig. 1 


TYPE LOCALITY 
SYNONYM 


Samoa. 
l roplerygin 
type locality, Tau Island, Samoan group. Two 


retdt Schultz with 


specimens trom the Tuamotus and one trom 
Wake Island seem typical of the species; in- 
numerable specimens from Hawau, the Tua- 
motus, and Wake are provisionally identitied 
with it 

The last section of Schultz's key (1953: 143, 
seems to require comment. It 
leads to two species: | 


section 22b 
necturus ( Jordan and 
trom the Gulf of Calitornia, and U. 


knighti ( Jordan and Starks 


Gilbert 
Now according 
to Jordan and Evermann (1896: 404) U. nec- 
turus has “a pore situated just above the pos- 


terior nostril.’ It this is so, LU’. necturu 


is not a 
Uropterygius at all but an Anarchias. As tor l 

knighti, it is keyed by Schultz as having the 
“lower jaw notably barred or reticulated with 
brown’; however, Jordan and Starks’ figure 
in Jordan and Seale, 1906: 205, tig. 10) shows 
the whole lower jaw unpigmented and their 
description states that the mandible is white 


below. If this is true, there is little left to dis 





228 


tinguish U. énighti from U. reid, and I believe 
the two are synonyms. 


At present I am also allocating to U. £nighti 
a whole series of more or less dark-chinned 
specimens. It is presumably this type of fish 
that Jordan and Evermann (1905: 111) and in- 
numerable others have been calling U. marmo- 
ratus and which is probably represented by the 
small specimens in Schultz's (1943: 33; 1953: 
155) accounts of the same species. The rea- 
sons for provisionally combining the dark- 
chinned and light-chinned forms (cf. Schultz, 
1953: 159) are: (1) that I can find no valid 
morphological differences between them, (2 
that (from Makatea, 


Wake) that contain the light variety also con- 


available collections 


tain the dark one, and (3) that many individ- 
uals are partially intermediate between the two 
That the dark form is not the young of 


marmoratus can be more conv incingly demon- 


started: of the hundreds of Hawaiian speci 


mens many are ripe adults but the largest is 
just over 13 inches long; in specimens trom 4 
to 14 inches there is no evidence for additional! 


tooth rows with increasing size 
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Structure 


and Reproduction of Cottoniella hawatiensis n. sp. 


(Rhodophyta) ' 


MAXWELL S. Doty and 
M. RuTH WAINWRIGHT? 


WHILI 


onto the beach at 


SORTING over fine red algae washed 
Kailua, Oahu, Hawaiian 
Islands, the junior author discovered an alga 


whic h appears to be representative ota previ 
ously undescribed specitic taxon to be placed 


in the genus Coft 1 for reason of its obvi 


ous similarities to Colt stella dvindla Boerve- 
sen, the type of that genus. Accordingly, this 


ly tound material is described here as 


Cottoniella hawatiensis sp 
5) 


ramus sterilibus poly 
metro et a 4 cellulis peri 
cellula apicale 10-12 wp 
yments discoideis trans 
rmenus deinde 4 cellulis 
ramus cn 


‘ nrralibu mr { 
iS Centranpbus prox 


pericentralibus tert Dus, IOVENIS a 


apicibus cellul uCctIS et E15 


i¢ 


Sticnidis trasporanyvialubus vel ramis vere 


tativalibus a ramo simulantibus tor 


parentl 


nantibus, ramis haplostichis determinatis ex 


1 , "1 1 
angvula ventral anterior Cciluiae lateralarun 


pericentralarum terrentibus, stichidus tetra 


sporanetk bus vum sporanyviarum = tetra 


hedro partitart 


reTrrentiOus, tocu issporangei 


alibus ad 74 u longa et ad 6O pw diametro 


The specimens were pale pink and, when 
polysiphonous al 


floating entangled, 


| 


aisen 


aved trom tne omer 


rae in which they were 
rted in part by Faculty Re 

he University of Hawai 

the Hawau Marine Labor 


1¢ 19S 


University t Hawa 


could be separated into lax unilateral branch 
systems up to about 2 centimeters tall (Fig. 1 

The principle branches are up to 130 microns 
in diameter. The species is known only trom 


Doty No 


1955. by the junior au 


the type collection (M 13,58 
made November 13, 
thor. The type 1s deposited in the Bernice P 
Bishop Museum with isotypes in the herbaria 
the New York Botanical 
UCM 


Adelaide 


ot the senior author, 


Garden, the University of Calitornia 
l »2OO4 | 


and University ot 
21,100 


the 


It is to be noted (Figs. 2, G) that the arching 


ot the branches begins distad of the appear- 


| | ] 
ance Of Dranch initials in ¢ Daw diensis ana 


appears to be correlated with elongations ot 


the first pericentral cell produced. This char 


acteristic of the branches 1s much like that tig 


ured by Silva and Cleary (1954: 252, tig. 15 


bases Of the apical cells of the 


younr 


endogenous branches, which are the only 


branches that become corticated, are about 10 


microns in diameter. The bases ot the apical 
cells of the principle axes are often 12 microns 


ranches ciony 
at least one-third ot thei 


». 5, 6). They then 


lirst a dorsal pericentral cell 
; 


At this time there are usually 


coid cells between that which bear 
cell and the apical cell. It 


pericentral 
that the pericentral cells to the nght 


ot the dorsal first pericentral cell are 


»»0 
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~ 


EtEEE 





& 


Fic. 1. Sketch of a major branch system showing branch curvature, positions of branches of different kind 


relative diameters 


to be produced. The fourth pericentral cell is 
cut off opposite the first and from about the 
hifth segment removed trom the apical cell. 
Collections of Cottoniella arcuata made by A. 
J. Bernatowicz in Bermuda (53-380 and 53-96 
show a similar sequence of pericentral cell 
development. This is in contrast to what 
Boergesen (1930: 146) says is true of his C. 
fusiformis trom the Canary Islands. 

The endogenous branches arise (Figs. 5, 7) 
from the anterior ventral surfaces of segments 
in front of or at the corner of the ventral peri- 


The largest of the four major branches shown was about 0.5 cm 
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in length 


central cells. An endogenous branch on a seg- 
ment is somewhat parallel to any exogenous 
branch that may be on the same segment 
Endogenous vegetative branches develop en- 
tirely like the parent axis and (as in C. arcuata 
curve toward the parent axis in their develop- 
ment. The lateral pericentral cells on vegeta- 
tive branches were seen in no case to divide 
other than in the production of exogenous 
branches. In more basal parts of the thalli, the 
longest branches of this sort are up to 675 
microns long. 
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leterminate branch to show relationships of size and position of ultin 
4) Ventral view of tetrasporangial suichidium apex. Neither dor 
idium. (5) Cellular detail of indeterminate 


Fics. 2-5 ellular detail of one in 
branch kinds and their origins in part 
ventral pericentral cells shown. (4) Young tetrasporangial such 


Neit! j ] tral t , tral 1] 
either dorsal nor ventral pericentral cei 


apex from ventral view s shown. 





Exogenous monosiphonous branches ap- 
pear on about the sixth or seventh segment 
removed from the apical cell (Figs. 2, 5). 
Boergesen’s figure (1919: 336, fig. 335) shows 
the monosiphonous branches as arising at 
about the tenth to fourteenth segment in his 


species, C. arcuata. With Bermuda materials of 


C. arcuata, provided by A. J. Bernatowicz, we 
have been able to contirm this observation. 
Boergesen also describes and figures the mo- 
nosiphonous branches as arising on the convex 
side of the branch endogenously. In the 
Bernatowicz collections cited, the tips curve 
and the branches appear on the convex side, 
the branches then become reflexed or curved 
in the other direction so that at maturity the 
branches do indeed protrude from the con- 
cave surface. 

These uncorticated exogenous branches are 
about 20 microns in diameter and, while the 
basal cell hardly becomes more than twice its 
diameter in length, the other proximal cells 
of these ultimately 14- to 16-celled branches 
become up to 5 times as long as broad (Figs. 
1, 2). The cells of the distal portion of these 
more or less determinate branches become 
progressively shorter distally until they are, 
just beneath the apical cell, discoid in imma- 
ture branchlets with hemispherical apical cells, 
or elongated and tapered toward the slender 
conical apical cell of a mature branchlet. 


The basal cells of the uncorticated exoge- 
nous branches are attached by their primary pit 
to the anterior-ventral corner of a lateral 
pericentral cell. They occur alternately on the 
right and left lateral pericentral cells of suc- 
cessive segments (Fig. 5). Secondary pits are 
formed in abundance between this basal cell 
and at least the lateral pericentral cell in the 
next anterior segment (Fig. 8). At least one of 
these secondary pits may be unusually large 
(see Fig. 8). 

The older exogenous branches apparently 
drop off as the axes develop. Boergesen 
(1919: 147, fig. b) notes that exogenous 
branching was very rare in C. fusiformis. He 
illustrates them, however, as exogenous at 
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(1944: 
207), of the Delesseriaceae, only Taenioma and 


least once. According to Papenfuss 


Caloglossa have exogenous branches. On this 
point our organism seems to be more rhodo- 
melaceous than delesseriaceous. 


The rhizoids are exogenous and appear sev- 
eral segments posterior to the level at which 
endogenous branches appear (Figs. 1, 2, 8). 
They do not appear until after the other 
branches have appeared. They appear only 


from dorsal pericentral cells in our material 
Sometimes a segment will bear one of each of 
the three types of branch. The rhizoids (Figs 
2, 8) become separated from the parent peri- 
central cell (Fig. 2) at an early age and may 
become a few cells in length (Fig. 8). There is 
a tendency for the rhizoids to be curved. Their 
tips become a disc of rows of small, crowded 
cells, connected by pits, that in some instances 
seem to have arisen by sympodial develop- 


.ment (Fig. 8). In at least one case this pad 


was stuck to the Polysiphonia with which it 
was found entangled. 

The tetrasporangial stichidia arise endo- 
genously in the same positions as do endo- 
genous vegetative branches and appear to take 
their place. The discoid segments cut ott by 
the apical cell of the stichidium usually elon 
gate to about one third of their diameter be- 
tore cutting off a pericentral cell (Figs. 3, 4,9 
This usually occurs at the level of the first or 
second discoid cell. The first pericentral cell 
appears to be either dorsal or ventral; each 
situation was found with about equal ftre- 
quency. Only atew rather disarranged branches 
were available for study of this point, how- 
ever. The other three pericentral cells appear 
very rapidly and are usually present on the 
second or third discoid central cell segment 

The younger pairs of tetrasporangia arise 
towards the apex of the stichidium (Figs. 3,9 
The lumen of the tetrasporangium 1s radially 
elongated at least to a length of 60 microns at 
maturity, while the diameter parallel to the 
stichidial axis is about 47 microns. The tetra- 
spores (Fig. 9) are tetrahedrally arranged. 

The lateral pericentral cells each serve as 
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Fics. 6-9. (6) Indeterminate branch 
apex from lateral view. Central cells not 
shown beyond third cell below apex, 
ventral pericentral cell not shown in low 
est segment. (7) Cellular details of young 
indeterminate branch. (8) Cellular details 
of mature rhizoid and of an exogenous 
determinate branch basal cell. (9) Our 
line of mature tetrasporangial stichidium 
which had shed the contents of two 
sporangia, 





tetrasporangial mother cells (Fig. 3pc). They 
produce two “cover” cells (a and 4 in Figs. 
3, 4) (apical and basal), the tetrasporangium 
(Fig. 3¢), and finally a third cover cell some- 
what basally. The first two laterally produced 
cover cells curve around over the tetraspo- 
rangium. The third is produced ventrally and, 
likewise, grows over the surface of the sporan- 
gium. Thus the two pericentral cells (dorsal 


and ventral) and the three cover cells cut oft 


by each of the two lateral pericentral cells at 
each side (i.e., 8 cells in all) make up the 
outer layers of each fertile mature stichidial 
segment. 


DISCUSSION 


Since 
sists, in sterile regions, only of pericentral 


“cortication”’ in our material con- 


cells, the opinion becomes critical as to 
whether or not there are “flanking cells’ or 
“cover cells’ present, cut off by the pericen- 
tral cell before the tetrasporangium. If there 
are flanking cells, one is inclined to consider 
Cottontella hawatiensis a member of the Deles- 
seriaceae, accepting Papenfuss’s (1944: 202) 
statement that, in that family, cover cells are 
cut oft only after the tetrasporangium. 

Certainly one ‘weakly-covering”’ cell is cut 
off after the tetrasporangium, and the lateral 
pericentral cells produce two cells lateral to 
themselves before the tetrasporangium is pro- 
duced in the same way the flanking cells are 
produced in Platysiphonia. 

The tetrasporangia are somewhat more cov- 
ered over in C. hawatiensis, and by a more com- 
plicated cover cell system, than in the case of 
Taenioma (Papentuss, 1944: 195, figs. 4, 14, 
199) or Platysiphonia (Silva and Cleary, 1954: 
e.g., 256, fig. 27), and other similarly simple 
members of the Ceramiales. the 
stichidial features are shown here for Cottoniella 


However, 


and for tetrasporangial areas of other genera, 
by various authors elsewhere, to be quite 
homologous in structure. Schotter has em- 
phasized already (1951: 287) the similarity be- 
tween the vegetative structure of Cottoniella 


and these two other genera. Especially are 
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Cottoniella and Platysiphonia similar in basic 
vegetative structure. 

As regards the sequence of pericentral cell 
formation, it is interpreted as rhodomelaceous 
in all the Cottoniella material we have seen, 
following Naegeli’s (1847, tide Schotter) early 
distinction of this family from the Delesseri- 
aceae on this point. Boergesen’s figures (1919: 
147, fig. 59b, c) lead us to expect this in C. fusi- 
formis, despite his statements to the contrary. 

All in all it appears that Cottoniella is one of 
those simple algae that would some time ago 
have been placed in the Sarcomenioideae 
(Sarcomenieae of authors). The flattened four 
pericentral-celled nature of the stichidia of 
C. hawatiensts bearing two tetrasporangia per 
segment bespeak of a delesseriaceous affinity 
for Cottoniella, and we are inclined to relegate 
it at present to that family but recognize its 
possible connecting-link nature between that 
tamily and the Rhodomelaceae 


SUMMARY 


Study of tetrasporic Cottoniella hawatiensis, 
a previously undescribed species from Hawaii, 
indicates placement of this genus among the 
Delesseriaceae on the basis of the mode ot 
tetraspore production, or intermediately be- 
tween that family and the Rhodomelaceae on 
the basis of weighting and interpretation of 
other features such as flanking cells, cover 
cells, apical cell dev elopment, and exogenous 
branches. The appearance of 
branches as a regular feature and the degree ot 


exogenous 


development of the pericentral cell systems 
set the Hawatian species apart trom all others 
in this genus. 
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Further Notes on Felisacus Distant 
(Heteroptera; Miridae; Bryocorinae ) 


T. E. Woopwarp' 


IN AN EARLIER PAPER (Woodward, 1954) the 
author reviewed the species groups of Fe/isacus 
and described and redescribed some of the in- 
cluded species. Since then, additional material 
has accumulated of elegantulus (Reuter) and 
filicicola (Kirkaldy); in the present paper, fur- 
ther locality records are given and additions 
made to the descriptions, with a more com- 
plete account of the range of variations and of 
the nature of the specific diftterences. A new 
species, F. daulot, is described from the high- 
lands of New Guinea. The female valvulae of 
the three species are described and figured; it 
is hoped that as further descriptions become 
available these will provide additional criteria 
for the separation of species groups. The 
ovarian eggs of e/egantulus and the male geni- 
talia of flicicola are figured for the first time. 
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ELEGANTULUS Species Group 


Felisacus dauloi n. sp 
Figs. 1a; 2e, f 
STRUCTURE: (Holotype female.) Head across 
eyes 1.32 0.67:0.51 


interocular space of vertex 1.85 times width of 


times median length 


eye (0.32:0.17). Base ot head forming a cylin 
drical collum separated from rest of head by 
an annular constriction; collum 0.81 times as 
wide as head immediately behind eyes (0.38: 
0.47) and 0.57 trmes head across eyes; width 
behind eyes 0.70 times width across eyes 
Rostrum 1.20 mm. long, reaching to middle 
of mesosternum. Antennae with segment | 
cylindrical, not swollen subbasally; I, 1.26 
times as long as I (1.35:1.07); III, 1.50 times 
I (1.60:1.07); IV, 0.56 times I (0.60:1.07); 1, 
0.95, and II, 1.20 umes basal width of pro- 
notum. 

Pronotum in mid-line 1.84 times as long as 
head (0.93:0.51); 1.21 times as wide postert- 
orly as long (1.13:0.93), 2.64 times as wide as 
(1.13:0.43), 1.69 
times as wide as head across eyes; shape and 


across anterior collar and 
punctation of pronotum as in e/egantulus, ex- 
cept that posterior margin is som¢what more 
deeply excavated. 

Hemelytra greatly surpassing abdomen, 
costal margin of corium 2.43 times as long as 
pronotum (2.27:0.93) and 3.15 times as long 
as cuneus (0.72 

Genitalia: First (mesial) valvulae with apex 
subacute; apical dorsal teeth large. Second 
valvulae with apex subacute; portion below 
sclerotized ridge abruptly narrowed betore 





Notes on Felisacus — WOODWARD 


i sulor 1 female, 
prono f } tuls Reuter 
posterior margi t pronotun kei 


Kirkaldy 


margin of pror 


apex; translucent portion above ridge in form 


of a subtriangular lobe. considerably nar 
rowed shortly betore apex 
Length. >. 


1.25 mm 


mm.; width across hemelytra, 


The measurements given above in paren- 
theses are in millimeters 

COLOUR: Head, thorax, abdomen, and first 
antennal segment shining tulvous; apex of 
first antennal segment tinged with reddish 


j 


brown, second segment blackish brown with 


reddish tinge, third and fourth black; eyes 
dark: type temale with a tine red line berween 
and above level of antennifers; type female 
without 


trace of infuscations on pronotal 


shoulders: rostrum brown; abdomen tinged 


with green. Scutellum very pale and less shin- 


ing fulvous, darker brown along margins 


Legs pale yellowish brown; apices of temora 
and bases of ubiae darker and unged with red: 
tinged with 


rest of temora slightly green; 


second and third tarsomeres intuscated. Hem- 
elytra with veins yellowish brown, somewhat 
intuscated at basal angle otf cell, along anal 
vein and posterior margin of clavus, narrowly 
along costal margin of corium, and very nar- 
rowly around margin ot membrane; a short 
sooty band on corium at apex of claval suture; 
and membrane colourless, 


rest of cormum 


transparent (membrane with the usual rugu- 


lose surface, iridescent in reflected light 


clavus slightly more opaque. 


HOLOTYPE FEMALE: Daulo Pass, Central 
Highlands, New Guinea, ca. 8,000 ft., August 
20-22, 1956, sweeping ferns in rain forest, 
T. E. Woodward. Named for place of collec- 
tion. Deposited in Queensland Museum. 

F. dauloi most nearly resembles e/egantulus 


New Zealand 
more closely related to it than to the one other 


(Australia and and is much 
known New Guinea species, nigricornis Pop- 
pius, described from the lowlands of Huon 
Gulf. Quite likely daa/ot is a relict species 
persisting in the highlands of New Guinea 
after their separation trom the more southerly 
regions of Australia. The close resemblance 
between danlot and elegantulus becomes ap- 
parent from a comparison of the figures given 
above with those tabled below. The main dif 
ferences are those of size, notably the greater 
total length of dax/oz, its wider head, longer 
head, pronotum, hemelytra, and first three 
antennal segments. But in almost all propor 
tions, including those by which elezantulus 
the 


specimen ot daulot talls within or almost with- 


ditters from the closely related flictcola, 
in the known range of the former species. The 
only exception in the table is the ratio of the 
width behind the eves to the width across the 


eyes. The rostrum is proportionately shorter 


than in e/egantulus and the posterior Margin of 
the pronotum rather more deeply excavated 
The valvulae of the temale ditter as figured 
In colour dzu/o7 is very similar to the pale form 
of elegantulus, but the first antennal segment 
is paler 

From flictcola the new species differs in its 
greater size, including width of head and 
pronotum at base and length of head, prono 
tum, hemelytra, and third antennal segment: 
the paler colour; the ditterent ratios tor width 
antenna III: 1, 


width of pronotum, antenna II 


of pronotum: width of head, 
antenna | 
width of pronotum, posterior: anterior width 
ot pronotum, the ditterently tormed valvulae 

From the other species of the edegantulus 
group daulot ditters notably as tollows: from 
nigricornis Poppius in the larger size, paler 


colour particularly ot head, pronotum, scutel- 
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lum, clavus, and first antennal segment), rela- 
tively shorter pronotum and rostrum, longer 
second antennal segment in proportion to 


first; from jsacobsont Poppius in the greater 


size, head without brown crossbar, paler 
pronotal base, first antennal segment and 
hemelytra, the nonrugulose crown, the longer 
third antennal segment relative to second, the 
relatively shorter pronotum; from ochraceus 
Usinger in the greater size, paler cuneus and 
inner clavus, relatively smaller eyes, pronotum 
broader at base in proportion to length of 
antennal segments I and II, corium longer in 
proportion to pronotum from amboinae Wood- 
ward in the much greater size, paler colour 
(particularly of first antennal segment and 
hemelytra), the relatively shorter rostrum, the 
proportionately longer third antennal seg- 
ment, the narrower eyes in proportion to 
vertex, the pronotum wider at base in propor- 
tion to anterior collar, the corium longer in 
proportion to pronotum; from adams Car- 
valho in the greater size, different colour 
(especially paler first antennal segment), rela- 
tively shorter rostrum, relatively longer second 
antennal segment, relatively narrower eye in 
proportion to vertex. 


Felisacus elegantulus (Reuter, 1905 


coLour: Of the two main colour forms 
(Woodward, 1954), only 2 of 20 males and 2 
of 12 females from Australia are of the second 
type (extensive red coloration on head; pro- 
thoracic shoulders not or scarcely infuscated 
This form appears to be much less prevalent 
than in New Zealand, where it is represented 
by three-fifths of the specimens examined 
There does not seem to be any correlation 
between colour and season. 

GENITALIA. Male: The claspers (Fig. 3c, € 


are redrawn for comparison with those of 


filicicola, since previously (Woodward, 1954; 
fig. 5) they were drawn /» situ on the py gophor. 
Female: (Fig. 2a, b) First (mesial) valvulae 
narrowly rounded at apex. Second valvulae 
more narrowly rounded at apex than in filic7- 
cola, much less so than in dau/or; dorsal trans- 





Female genitalia, elegantuls 

Reuter 
b, apex of second valvula. Felisacus filicicola 
c, Apex of first valvula; d, 
Felisacus daulot n. sp 


Fic. 2 


; , 
ele Rantuins 


group. Felssacus 
valvula 
Kirkaldy 


apex of second valvula 


a, Apex of first (mesial 


e, Apex of first valvula; f, apex of 
second valvula. 


lucent flange broader than in either of these 
species. The valvulae tigured are of an Aus- 
tralian specimen, but those of New Zealand 
temales are similar in all respects 

OVARIAN EGGS: (Fig. 3t) Short ellipsoid, 
slightly curved; opercular end indented as 
shown; length 0.60 mm., width 0.35 mm 
From a female taken at Barrington Tops, 
New South Wales, December 22, 


ADDITIONAI 


1954 


RECORDS: Australia, South 


,] 


Queensland, Carnarvon Gorge, 4 males, 
females, May 29, 1954, T. E. Woodward, Lam- 


L 0-60 mr. re 





Fic. 3. Felisacus filicicola (Kirkaldy 
gophor and claspers, posteroventral; b, 
d, lett clasper 
clasper; ¢ 


male: a, Py- 
right clasper; 
Reuter): c, Right 


Felisacus elegantulu 


left clasper; f, ovarian egg 
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TABLE 1 
COMPARISON BETWEEN F. elegantulus AND F. filicicola 


F. elegantulus F. fal 


MichWold 


Male Femz Female 
Head, width across eyes 


53-0.59 ) 0.57-0.60 
Head, median length 7 


4/-0.44 49-0.44 
Width, interocular space of vertex 24-0.29 2 2 2 27 
Width of eye, dorsal 14 
Width of head behind eves 48 4 


i 
Width of collum ! 


44 


16 7 l l 15 


*Length, antennal segment 

Length, antennal segment 

Length, antennal segment 

Length, antennal segment 

Length of rostrut 

Pronotum, median length 
*Pronotum, basal wi ith 

Pronotum, width of anterior collar 
Corum, length ostal 

Cuneus, length (external 

Width (maximur 


Total length 


across Closed hemelytra 


Ratios 

Width vertex: widel 

Head, width: length 

*Width, behind 5 ey 

*Widch, collum: across eyes 

Width, collum: behind eves 

*Widcth, pronotum [i asal head 

Length, pronotum: head 

Antenna II:1 

tAntenna IL-1 

"Antenna IV:I 

tll: basal width pronot 

tI basal width pronotum 

Width pronotum, 

Pronotum, | | 

Length, coriun 

Leneth, corium 
which separate 
S dine safe 


neu ne 


ington Plateau (Lower Ballunjui Falls), Oc- and April 
tober 30, 1955, 1 male, T. E. Woodward: 
Brisbane. 4 males, 2 females, 1954, 7. E. Woad- 


ate instar n yhs have been col- 
Lat t ymphs ha 
lected in Queensland in January and June and 


in New Zealand in January and February 
ward. New South Wales: Barrington Tops, CORRIGENDUM: In Woodward 


1954: 43 

males, 2 females, December 22, 1954, 11th line from bottom of first column, the 

T. FE. Woodward word ‘width’ should read “‘length,”’ as the 
SEASONAL OCCURRENCE: Adults have been figures would indicate 

recorded trom South Queensland in January, 


Felisacus filicicola (Kirkaldy. 1908 
March, May. June (early), October, and De- ' 
cember (i.e., in all seasons except winter and COLOUR: All the Samoan specimens noted 


from New Zealand (where less extensive col- below ditter in some respects trom the de- 


lecting has been done) in January, February, — scription of two Fijian specimens given by the 
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author (1954): a more or less distinct narrow 
red line between and above level of antennifers 
(absent in one female); antennal segment I 
more or less infuscated brown or reddish 
brown except for pale base; each side of base 
of pronotum more or less extensively fuscous 
or black; tibiae and apex of femora red above; 
cuneus yellow, a red or reddish-brown band 
bordering cell (entirely yellowish-brown in 
one female); abdomen red or reddish brown 
above and at apex. From Kirkaldy’s note on 
coloration (1908: 377) it is evident that the 
same or a very similar colour form also exists 
in Fiji. Within the author's experience, /i/rc7- 
cola can always be distinguished at sight from 
elegantulus by its darker and often more 
reddish appearance. 

GENITALIA. Male: Claspers very similar to 
those of e/egantulus, but diftering in propor- 
tions as shown. Right clasper (Fig. 3b) with 
outer subbasal angle less strongly produced; 
apical half more abruptly curved. Left clasper 
(Fig. 3d) more abruptly and more evenly 
curved toward apex. Female: (Fig. 2c, d) First 
(mesial) valvulae broadly rounded at apex. 
Second valvulae more bluntly rounded than 
in either e/egantulus or daulot, dorsal translu- 
cent flange narrower than in e/egantulus, not 
subtriangular as in daulot. 

ADDITIONAL RECORDS: Western Samoa, N. 
Upolu, Malololelei, 2,000 ft., 2 males, July 30, 
1954, R. A. Cumber; 3 males, 2 females, Janu- 
ary 19, 1956, R. A. Cumber; 3 males, 3 females, 
January 19, 1956, T. E. Woodward; Afiamalu, 
2,100 ft., 1 male, 2 females, January 6, 1956, 
T. E. Woodward. 

Because of the closeness of filicicola and 
elegantulus to each other and to dauloi, a de- 
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tailed comparison has been made and the re- 
sults are tabulated below. The measurements 
are based on 17 specimens of fi/icicola (9 
males and 7 females trom Samoa; 1 temale 
from Fiji) and 54 specimens of e/egantulus (23 
males and 10 females from Australia; 8 males 
and 13 females from New Zealand 
ments are in millimeters. 


Measure- 


The figures show the considerable intra- 
specitic range and the near correspondence or 
wide overlap between the species for many of 
the values. The wider range of measurements 
now available for these two species also allows 
more critical comparison with species which 
are represented by or have been described 
trom one or a few individuals 

Filtctcola was described by Kirkaldy (1908 
as a variety of e/egantulus and raised to specitic 
rank by Knight 
cola (Woodward, 1954), I listed it as a distinct 


1935). In redescribing flrez 


species but in discussing the species LTOUPS 


considered it not unlikely that it might even 


tually prove to be a subspecies ot e/egantuln 
With the additional data available lam now rea- 


sonably convinced of its specific distinctness. 
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Culex (Culex) iyengari n. sp., a New Species of Mosquito 


(Diptera, Culicidae) from the South Pacific 


P. F. MATTINGLY and J. RAGEAI 


THIS IS A MEMBER of the Culex pipiens series of 


Edwards (1932:208) and of a rather well- 


detined subgroup of that series which may be 
( ule x 7 he 
species included in this subgroup share with 
( ule x pipe N 


the male phallosome 


termed the triflatus subgroup 


the strongly bent ventral arm of 


Fig. lv.a.) but ditter 
from it in the more strongly developed outer 
division of the 


arm, which is here 


lb.a 
ing the up of the inner division of the dorsal 
Fig. ld.a 


This last modification ts, however, less strong- 


dorsal 


termed the basal arm (Fig . and in hav- 


] 


arm characteristically moditied 
ly marked in the Pacific species, other than 
C. pe reieilans, than in those found elsewhere 
fi Pp 401K Fig Ib 


ing spicules on the ventral arm of the phallo- 


is remarkable in exhibit- 


some which are reminiscent of some of the 
banded-legged members of subgenus Culea 

In addition to C. yengari the group includes 
Bergroth trom New Zealand, 
Edwards trom New 


C. pervigilan 
C. pacificn Hebrides, ¢ 
triftlatus Edwards from East and South Africa 
and the Cameroons, C. tams: Edwards trom 
the island of Sao Thome in the Gulf of Guinea, 
the northern Palaearctic C. torrentinm Martini, 
and the eastern Palaearctic C. ragans Wiede- 
mann. It thus turnishes a good example of a 
Palaearctic group having a southward exten- 
sion down the East African highlands into 
South Atrica and another, turther east, into 


the Australasian region. It is entirely absent 


British Museun 


Institut Francaise 


Natural History), London, and 
Noumea, New Cale 
Manuscript received January 7, 195 
N. Marks has 


informed us that the undescribed male of the banded 


d Oceans lonia 
respectively 


Since this paper was finished Dr. I 


legged Culex (Culex) miracul 
New 


tritdste 
PVipisdin 


us Bonne-Wepster (194 


from Guinea also has a phallosome ot the ¢ 
type. We are most grateful to her for this 


interesting piece of information 


from the intervening Oriental region except 
for some penetration into the northwest cor 
ner by C. vagans (Barraud, 1934: 418). The oc- 
currenceof members of the groupin the Came- 
roons and in the Gulf Islands exemplities the 
East Atrican element in the Cameroons tauna 
which is a tamiliar feature of many groups 

The occurrence of another member so far 
south as New Zealand ts interesting and there 
has been an implied suggestion that this is 
an introduced species. Thus Edwards (1932 
210) tentatively suggested placing the Palae- 
in the synonymy of the 
New Zealand C. perrs 


some plausibility by the history of whaling in 


arcuic C. lorrentinm 


gilans. The idea ts given 


the New Zealand area during the nineteenth 


century. A careful examination shows, how- 


pervigians Fig. 2c) lacks two of 


the small moditied setae on the subapical lobe 


ever, that ¢ 


ot the coxite which are present in C. forrentinm 
Fig. 2a, d). The 


distinctly 


as in C. nengari and ¢ 


prhrers 
pipe 4] 


style of C. torrentinm is also nar- 


rower than that of the New Zealand species 
and it seems best to maintain them as distinct 
species, especially as the early stages of ( 
have only 


available and 


l 
been inadequately described 
221 


pervigudans are not 


Graham, 1929 
C. torrentium breeds readily in barrels and 
metal tanks and thus certainly gives the im- 
pression of a species susceptible to human 
introduction. There is some reason to believe 
that it may have been introduced into Great 
Mattingly, 1951: 172 

It has previously been thought of as an ex 


Britain in recent years 


clusively northern species but it has recently 
been found as far south as Devonshire and 
Dorset (Lever, 1954: 65 
Sicart, 1954; 228 


and the French Py- 
renees 





Fic. 1. Male phallosome. a, Culex iyengari n. sp 


The Devonshire form is unique in possess- 
ing postspiracular scales. C. trifilatus has ap- 


peared previously as an aberrant member of 


the group in that its larva exhibits supernum- 
erary spines on the siphon distal to the pecten 
(Hopkins, 1952: 309). Recently, however, a 
form has been found at Orange Kloof in 
western Cape Province in which these spines 
are absent (Muspratt, 1955: 188). On grounds 
both of morphology and of distribution it 


seems likely that this is the most primitive of 


b, ( ul x pacificus 
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C, Caen pervigiuan 


the Ethiopian torms. An even more southerly 
Culex than C. pervigilans has recently been re- 
from Auckland 
1955: 211). It is, however, undescribed and it 


corded Island (Harrison, 
is not known whether it belongs to the 
present group. 

A comparable distribution to that of the 
C. trifilatus group has been described by Mat- 
tingly and Marks (1955) for some members of 
the subgenus Neocu/ex. Certain of the Medi- 
terranean elements in this subgenus are again 
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FiG. 2. Male style and subapical lobe of coxite. a, ¢ 
t 


represented in East and South Africa and in 


parts of the Australasian region although they 


are entirely absent trom the intervening Ori- 
ental region. Other examples are not dithcult 
to find. The subgenus Ochlerotatus of Aédes has 
been discussed by Mackerras (1927, 1950). 
Apart from minor penetrations in the north- 





west it is represented in the Oriental region by 
only a single species. Mackerras’ ideas appear 
to receive some support trom recent dis- 
coveries in South Africa (Muspratt, 1955: 161 

and the Malagasy Mattingly 


Brown, 1955: 90). 


region and 


Another group which would probably re- 
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pay study along these lines is the genus Theo- 
baldia, expecially as the Australian species 
have been recently revised (Dobrotworsky, 
1954). 

A description of the new species follows. 


Culex (Culex) iyengari 1. sp. 


The description which follows is based on 
holotype male from We, Lifu, Loyalty Islands, 
7:x:1955, bred out by one of us (J.R.) from a 
native canoe, allotype female and 4 male and 1 
female paratypes with data as for the holo- 
type; 12 male and 4 female paratypes with 
similar data but bred from a barrel and a tank 
on 11:x:1955; 5 male paratypes from Baie de 
la Corbeille, Ile des Pins, New Caledonia, bred 
out by J.R. from native canoe on 14:x11:1955; 
1 male and 1 female paratype from Poncrihuen, 
New Caledonia, bred out from rainwater in a 
metal cistern by M. O. T. lyengar in 11:1956; 
2 whole larvae from the same batch as these 
last 2 adults and a large number of whole 
larvae from We, Lifu, 8:x:1955 (native canoe) 
and 9:x:1955 (old barrel and tank), Ba River, 
near Houailou, 9:vi:1955 (rock pool in stream 
bed), Hnanemuhaetra, Lifu, 9:x:1955 (hole in 
coconut trunk), Joj, Lifu, 9:x:1955 (rock pool 
in coral), Kedany, Lifu (well 38 m. deep) and 
Kuto, Ile des Pins, 14:x11:1955 (all collect. J. 
R.). The larvae from We (9:x:1955) were asso- 
ciated with larvae of Culex pipiens fatigans 
(Wied.), Aédes notoscriptus Skuse and Trip- 
teroides melanestensis Belkin, those from Hnane- 
muhaetra and Joj with larvae of Aé. notoscriptus 
and T. melanestensis, and those from Ba River 
with larvae of Culex cheesmanae Mattingly and 
Marks and Culex pipiens australicus Dobr. and 
Dr. The holotype and allotype and the bulk of 
the paratypes will be deposited in the British 
Museum (Natural History) but some para- 
types will be sent to the U. S. National Mu- 
seum, the Department of Entomology, Uni- 
versity of Brisbane and the Institut d’Enseig- 
nements et des Recherches Tropicales, Bondy, 
France. 

ADULT MALE: Palps upturned at tip, exceed- 
ing the proboscis by about the length of the 
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terminal segment, the hairs on the under sur- 
face rather short (Fig. 3a), very much more so 
than in C. pervigilans (Fig. 3c) or C. pipiens 
(Fig. 3d). A narrow ventral line of broad, flat, 
pale scales present on the subapical segment 
and the extreme base of the apical segment. A 
small subapical pale patch below on shaft. 
Tori dark brown with a few small dark scales. 
Vertex with numerous creamy, narrow, curved, 
decumbent scales and pale- to dark-brown 
upright forked scales. Proboscis mainly dark 
but pale below to a variable extent about the 
middle. Central area of mesonotum covered 
with narrow, curved, bronze-coloured scales, 
extreme edges with similar scales, intervening 
lateral areas with dark-brown scales which are 
separated into anterior and posterior patches 
by an intervening whitish spot halfway be- 
tween the wing root and the scutal angle 
This spot produced backwards to fuse with 
an indefinite area of whitish scales round the 
prescutellar bare space. 


All scutellar scales whitish and very narrow. 
Some broader, creamy, curved scales on an- 
terior border of mesonotum. Anterior and 
posterior pronota with narrow, curved, whit- 
ish scales. A few scales apparently present on 
the postspiracular area and the knob of the 
sternopleura but these areas rubbed. The usual 
upper and lower sternopleural and the mese- 
pimeral scale patch well developed. A single 
well-developed lower mesepimeral bristle pres- 
ent in the usual position. Wings dark. Alula 
with a fringe of narrow scales. Squama with a 
strongly developed tringe of slender hairs. 
Anterior fork cell a little less than two and a 
half times the length of its stem. Haltere with 
stem pale and knob only slightly darkened. 
Legs mainly dark. Hind femur with a narrow, 
incomplete, dark dorsal line which does not 
reach base and which expands onto the an- 
terior and posterior surtaces only at extreme 
tip. Hind tibia with a small pale spot at up 
scarcely as long as broad. Fore ubial claw ab- 
sent. First abdominal tergite wholly or largely 
dark, remainder with pale basal bands which 
are shallower on the more posterior segments 
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Fic. 3. Male palps. a, C. iyengari n. sp.; b, C. pacificus; c, C. pervigilans; d, C. pipiens ssp. australicus Dobrotws 
and Drummond. 
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where they are sometimes, but not always, 
prolonged backwards at the sides. Sternites 
with dark apical bands which tend to be pro- 
longed forwards in the midline. These for- 
ward prolongations in some cases very broad 
and conspicuous, in others narrow and incon- 
spicuous or absent. 

Terminalia (Figs. la, 2a) with style broad, 
well formed but with a few oblique wrinkles 
about the middle, with small terminal ap- 
pendage and two subapical setulae. Subapical 
lobe of coxite with narrow leaflet accom- 
panied by a markedly flattened seta. Two sets 
of modified setae, as figured. Coxite not ab- 
normally broad and with no more than the 
usual complement of long setae on the inner 
face. Phallosome with tip of inner division of 
dorsal arm modified as shown (Fig. la), outer 


division (‘basal arm") strongly developed, 


ks 


: | | a 


~a 
——~ 


Fic. 4. ¢ 


ll 
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scooplike. Ventral arm much as in C. pipiens. 
Paraprocts with well-developed crown and 
basal arm. Xth tergites rather strongly sclero- 
tized, each with 4 small setulae in the usual 
position. IXth tergite with setigerous lobes 
very broad and flat, each with about 10 setae 

ADULT FEMALE: Much as male but with 
palps only a little more than one-fifth the 
length of the proboscis. Pharynx and termi- 
nalia as figured (Fig. 4 

PUPA: Not seen. 

LARVA: (Fig. 5). Head broader than long in 
about the proportion of four to three, in most 
Antenna 
about five-eighths the length of the head, more 


cases darker than the remainder. 
or less unicolorous except at extreme base, 
moderately strongly spiculate basad of the 
insertion of the antennal tuft but with only a 


few spicules distad of this point. Antennal 


ul t= — Wy 


a ts On tin, 
~ 
*» 


‘engari n. sp. Female pharynx and terminalia. IX, ninth tergire 
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FiG. 5. a and terminal seg 


enlarge 


tuft of about 20 rather short branches, inserted 


at about seven tenths the distance trom base 


to apex Clypeal spines rather short, very 


slender, only slightly curved. Maxillary spine 
14 teeth on 
Head 


seta A about three-fifths the length of the 


absent. Mentum with about 11 


either side of the main central tooth 


head. B and C slightly longer. A with about 
6-12 B with 3-5, ¢ 


5 45 


branches with 4 or 5, 


d single. Comb of about uniformly 


fringed scales. Siphon with distinct sinusoidal 


flexure. Index (uncrushed) about tive to five 


and a halt. Spine at base of dorsal valves small, 
tip 


14 teeth, each with 2-5 


straight, simple, recurved at. extreme 


Pecten of about 10 
coarse basal denticles (3 or 4 on the larger 


teeth). Subventral tufts varying in length 


from about four-titths to one and one-fitth the 
diameter of the siphon at point of attachment 
Distal edge of saddle with only very minute 


Ment 


spicules. Ventral brush with 12 tufts in 


barred area. No precratal tufts. Sad 


1.4] 


saddle, bitid 


dle 
Uy 


shorter than single or ’f 
caudal seta bitid or trifid, lower single. 
Barrels, tanks, native 


BREEDING PLACES 


canoes, cistern, hole in coconut trunk, rock 
hole in coral, and 


mud 


a deep well with toul and 


1] 


dy water. From all other known Pacitic 


dark-legged Culex ot the typical subgenus the 
\ 


present species is markedly distinct in male 


terminalia. It is readily distinguished from all 


except C. pacificus on the character ot the male 


palps. (C. atriceps | dwards has these even more 


nearly bare and C. marguesen Stone and 


Rosen (1953: 354) is intermediate between 


the present species and C. pipiens.) Separation 
of temale adults and of larvae can be accom 
plished by means of the tollowing keys 
me notes on theecology of ¢ , 
LR Med. N« 


| ecial, 195¢ 


Ass« ”" 
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KEYS TO THE DARK-LEGGED Culex (Culex) 
OF THE SOUTH PACIFIC 
(EXCLUDING NEW GUINEA) 


FEMALE ADULTS 


Abdominal tergites with well-marked basal 
pale bands 2 


Abdominal tergites with basal lateral pale 


spots only C. atriceps Edw. 


Abdominal sternites with continuous dark 
apical bands 3 


Abdominal sternites with discontinuous 
median and apicolateral dark spots only 
(even these sometimes largely suppress- 
ed ) 5 


Anterior surface of hind temur wholly or 
largely dark 4 


Anterior surface of hind femur extensively 


pale C. iyengari n.sp. 


Scutal integument pale with dark mark- 
ings; scutal scales very small, more or less 
unicolorous .C. marquesensis St. and R. 


Scutal integument very dark; scutal scales 
coarse, forming a golden or light-brown 
pattern on a dark ground 
C. pacificus Edw. 
New Zealand species only 
C. pervigilans Bergr. 
Australia, Tasmania, and New Caledonia 


C. pipiens australicus Dobr. and Dr. 


Widespread in Pacific area 
C. pipiens fatigans Wied. 


C. pipiens australicus and C. p. fatigans are not 
constantly separable on external characters 
(Dobrotworsky and Drummond, 1953: 134) 


though the former is likely to be recognisably 


darker in general colouration in any particular 
locality. C. pervigilans also appears to be indis- 
tinguishable from these two (Edwards, 1924: 
396). Its anterior fork cell varies from about 
3.2 to 5.2 tuumes the length of its stem. The 
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colour of its mesonotal scaling is highly vari- 
able. The record of C. p. australicus from New 
Caledonia is the first from outside Australia 
and Tasmania. It is based on one male and 
three females bred from a batch of larvae col- 
lected by J.R. from rock pools in a stream bed 
near the bridge across the Ba River at Houailou 
on the east coast of New Caledonia on 9:vi 
1955. Further details are to be published else- 
where by Marks and Rageau. 


FOURTH-STAGE LARVAI 


Head setae B and C single 
C. marquesensis St. and R. 


These setae each with at least 3 branches.2 


Siphonal index about 3.0 to 3.5; antenna 
about one-third of the length of the head; 
antennal tuft inserted only a little beyond 
halfway; upper caudal seta with at least 
10 branches C. atriceps Edw 


Siphonal index about 3.5 to 6.5; antenna 
at least halt the length ot the head; anten- 
nal tuft than 


thirds of the distance from base to apex; 


inserted at not less two- 
upper caudal seta with at most 3 branches 


3 


Median denticle of comb teeth greatly 
hypertrophied, much stouter than the del- 


icate lateral denticles. C. pacificus Edw. 


Comb teeth with more or less uniform 
fringe 4 


Mentum with 6-9 teeth on either side of 
the main central tooth; siphonal index 


about 4.5 to 6.5 5 


Mentum with 10-14 teeth on either side 
of the central tooth; siphonal index about 
5.5 to 3.5 6 


New Zealand only.C. pervigilans Bergr 


Australia, Tasmania, and New Caledonia 
C. pipiens australicus Dobr. and Dr 


. Siphonal index about 3.5 to 5.0 


C. pipiens fatigans Wied 
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Siphona! index about 5.0-5.5 
C. iyengari n. sp 


The highly characteristic comb spines of 
C. pacificus (Fig. Sb) appear to have been over- 
looked by previous authors (Buxton and 
Hopkins, 1927: 87; Lee, 1944: 108). The de- 
scription of the larva of C. p. fatigans by 
Woodhill and Pasfield (1941; 212 
have been based on mixed material (Dobrot- 


132). 


seems to 


worsky and Drummond, 1953 

For descriptions of the adult of C. atricep: 
the reader is referred to Edwards (1926: 105; 
1928: 279), 
(1916: 360 


account of the distribution of mosquitoes in 


and for C. pactficus to Edwards 


lyengar (1955) gives a general 


the area under consideration 
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Hawaiian Helminths 1. Trigonocryptus 
conus n. gen., n. sp. (Trematoda: Fellodistomidac) ' 


W. E. MARTIN 


THIS WORK was done at the Hawai Marine 


Laboratory, University of Hawau. Twenty- 


pe , , 
nine balloon tish, Ter Gon col 


hispidus L.., 


lected by trap, were examined tor helminths 
Four harbored in their intestune a total ot eight 
trematodes which do not fit into any genus or 
5} ecies thus tar described 
The worms were killed in cold Heidenhain 


fixative under light cover glass pressure, 
stained in celesune blue B, and mounted in 
H.S.R. Microscopic Mounting Medium 


All ements 


millimeters 


j 
Ababbal 


measul are expressed in 


TRIGONOCRYPTUS n. gen 
Fellodistomidae: Small 


ventrolateral body 


| 


GENERIC DIAG 


NOSIS 


conical trematodes with 


tolds separated posteriorly and converging 


anteriorly. Posterior end ot body bears a short 


velum laterally and dorsally. Inverted tail cone 


present. Cuticula relatively thick, spined. Oral 


with ventrolateral exten- 


sucaner subptermina 


’ | } " | 
SIONS Ventral SUCACT laryve, transversely cion 


gate and ridged, indented anteriorly and pos 


ract between the 
tot the Navy 
nia, NR 165 


herein are 


ment 
ty ot Hawau, tor th 
itical leave 
iwauM irine 


107 Ha 
Honolulu Manuscry 


sabi 
receive 
Li s Ans 


cies 


teriorly. Prepharynx and es¢ yphagus very short 


Pharynx oval to spherical. Ceca short, sac 
cular, not extending posterior to mid-body 
Testes paired, opposed, oval, near posterior 
end of body. Cirrus sac oval to nearly spheri- 
cal, immediately anterior to or slightly over- 
lapped by acetabulum, encloses a weakly 
bipartite seminal vesicle, a well-developed 


a short cirrus. Ovary oval, med- 


ian, partly between to a short 


prostate and 


stance anterior 
to Seminal | usually 


testes receprtac eC near, 


Mehlis gland 


‘ rail Wiel 
inconspicuous. Vitelline follicles in two 


smaller than, ovary beside 


ovary, 


major groups on each side of body extending 


from anterior acetabular to oral 


Is. Uterus mainly contined to pos- 


pe STCTIOL 
sucker leve 


terior half of body, between and anterior to 


testes. Uterus and cirrus use Common genital 


atrium which opens to outside medially and 


ventral to gut biturcation. Eggs oval, nu 


with tiny knob at ano 

U shaped 

Parasitic in the intestines of marine tish 
GENOTYPI 


merous, operculated, 


percular end. Excretory bladder 


Trigonocryptus conn 


Trigonocryptus conus sp 
Figs. 1-5 

With 
genus. Body conical and pink in life, triangu- 


ved 


SPECIFIC DIAGNOSIS characters of 


under pressure. Cuticle 0.01 


lar when fi 
0.016 thick, armed with spines. Spines approx 
imately 0.017 long with shouldered peripheral! 
Bo ly 1.37 


1.58 long and 0.98-1.4, 


L.S2, averave 
1.24 


Oral sucker subterminal, muscular, with folds 


terminations (Fig. 4 


averave wide 


meeting those of the body wall, 0.39 
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July, 1958 


XII, 


Vol. 


NCE, 


tz} 


_ 
C) 
NY 
Y 
= 
_ 
S) 
< 
Qa. 














Trigonocryptus conus — MARTIN 


average 0.44 anteroposteriorly and 0.41-0.55, 
average 0.48 transversely. Ventral sucker large, 
muscular, indented anteriorly and posteriorly, 
with two or three transverse ridges, 0.45-0.59, 
average 0.52 anteroposteriorly and 0.64-1.02, 
average 0.86 transversely. Prepharynx short, 
pharynx 0.093-0.112, average 0.10 anteropos- 
teriorly and 0.081-0.121, average 0.11 trans- 
versely. Esophagus short, ceca thin walled, 
short, saccular, not extending beyond body 
equator. Testes near posterior end of body, 
opposed, oval, 0.17-0.28, average 0.22 long 
and 0.14-0.21, average 0.17 wide. Vasa ef- 
ferentia join just before reaching cirrus sac. 
Cirrus sac median, immediately anterior to or 
partially overlapped by acetabulum, contain- 
ing weakly bipartite seminal vesicle filled with 
sperm, a well-developed prostate, and a short 
cirrus which may project into the genital 
atrium. Genital pore median and ventral at 
level of gut bifurcation. Ovary median, usu- 
ally a short distance anterior to testes, 0.096 

0.17, average 0.15 long and 0.084-0.15, aver- 
age 0.12 wide. Seminal receptacle pyritorm, 
usually a short distance posterior and to the 
right of the ovary. Mehlis gland close to 
ovary, inconspicuous. Vitelline follicles in two 
major Clusters on each side of body between 
anterior acetabular and oral sucker levels. 
Common vitelline duct not expanded to torm 
reservoir. Uterus atter leaving ovary passes 
posteriad to loop between the testes then ex- 
tends anteriad to loop transversely and fill 
much of the acetabular region of the body. It 


then passes anteriorly to the genital atrium. 


The uterus of mature worms ts filled with 
eggs 


eggs brown. Eggs 0.037 -0.046, average 0.041 


Newly formed eggs colorless, older 


long and 0.022-0.025, average 0.023 wide, 


operculated, with a small knob at anopercular 
| } 


end. Excretory vesicle U-shaped, thin walled, 


with pore opening medially and subterminally 


FiGs. 1-5. Trigonocryptus conn ? 
A, Acetabulum; C, cecum; Ci, 
sucker 


V, velum 


1, Dorsal view; 2 
cirrus, CS, cirrus sac; 
P, pharynx 
" 


, ventral view; 3, 
EV, excretory vesicle; G, genital pore; O, ovary; 
PR, prostate; S, seminal receptacle; SV, seminal vesicle; 1 


TYPE SPECIMEN: Trigonocryptus conus, depos- 
ited as number 55285 in the U. S. National 
Museum, Helminth Collection. 

HOST: Tetraodon hispidus L., balloon fish, 
in intestine. 

LOCALITY: Kaneohe Bay, Oahu, Hawaui. 


DISCUSSION 


The genus Trigonocryptus most closely re- 
sembles Paradiscogaster Yamaguu, 1934. The 
major difference is in the vitellarian distribu- 
tion, in one cluster on each side of the body 
confined to the cecal region in Paradiscogaster, 
and in two clusters on each side of the body 
extending from the acetabulum to the oral 
sucker in Trigonocryptus. Other ditterences are 
the ventrolateral extensions of the oral sucker 
in Trigonocryptus while this organ in Paradss- 
cogaster has the usual circular outline; the un- 
usual body shape in Trigonocryptus with a 
ventral, triangular depression, a velum on the 
lateral and dorsal margins of the posterior 
part of the body, and a truncated posterior 
end while the body shape is pyritorm in Para- 
discogaster. Yamaguti (1938) described a small 
tail cone in Paradiscogaster chaetodontis. Trigo- 
nocryptus conus has an inverted tail cone, dorsal 
to the excretory pore, which was never seen 
everted even in active worms. Paradiscogaster 
piriformis Yamaguti, 1934, was found in 
Yamaguti, 


Pleuronichthys cornatus in Japan 
Yamaguti, 1938, in 


1951); P 

Chaetodon collaris in Japan and C. strigangutus 
and C 
1953 


chaetodontis 


trifasciatus in Okinawa (Yamaguti, 
1939) Ya- 
maguti, 1953, in Caranx kalla in India. Al- 


- and P. caranxi (Srivastava, 


though a goodly number of Hawaiian chaeto- 
dons and a few carangids have been examined, 
no species ot Paradiscogaster or Trigono ryptus 
1955) has 


have been found in them. Hanson 


reported a related form, Discogasteroides ha- 


i, body terminal genitalia 
OS, oral 


vitellaria; 


egg, spine, 5, 


. testis; U, uterus; V, 


All drawings made with the aid of a camera lucida 
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waiensis, from a Hawaiian trunk fish, Ostracion YAMAGUTI, S. 1934. Studies on the helminth 
sebae Bleeker. fauna of Japan. Part 2. Trematodes of fishes, 
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Calcareous Concretions and Sheets in Soils 
Near South Point, Hawaii' 


G. DONALD SHERMAN and HARUYOSHIIKAWA° 


WHIT! 


are found in the soils of the Pakini series of 


CALCAREOUS concretions and sheets 


the Reddish Brown great soil group in the 
area of the Kau section on the 


These soils have developed 


South Point 
island of Hawai 
on a series of wind-deposited volcanic ash as 
1941 
The calcareous concretions found in 


biogenetic 


described by Palmer and Wentworth 


1938 

these soils have been tormed by 
; ' 

processes in that the carbonates have been 


precipitated around the roots of plants, espe 


cially the deep-rooted plants. These rhizo 
CONCTCTUIONS OCCUT only in the subsoil, B hort 


zon, ot the soil protile. The calcareous sheets 


occur as layers in the parent material of this 


soil which ts the aeolian silt and sand. The 


character ot the ettervescence ot these cal 


careous dey sitions indicates the presence ot 
appreciable quantities of dolomite in the car 


bonate fraction of these materials. Wentworth 


1938 { the occurrence of both 


calcareous stem Casts and 


has reportes 


calcareous sheets in 
The 


rhizo-concretions 


overlying, looser aeolian ash of this area 


occurrence of calcareous 


has been mentioned by Bryan (1952) in his 


soil nodules. The occurrence of 


re} ort on 


dolomite in soil concretions has not been 


: : . é 
described; however, the occurrence of dolo 


mitization in soils has been described by 


1947 


was initiated to determine the 


Sherman ef a 
This study 
nature of the composition ot these calcareous 


rhizo-concretions and sheets. In order to do 


Published with the approval ot the Director of the 
Hawau Agricultural Exy 
Technical 
received May 14, 195 
Department of Agronor ind Soil Science, Uni 


Honol | i, Haw ill 


eriment Station, University of 


Paper No. 395. Manuscript 


Hawau, 


versity of Hawau 


this, samples of these materials were collected 
and analyzed by methods designed to de- 
termine the carbonates in 


1937 


composition ot 
soils as described by Sherman 

The samples were collected trom an area ot 
soils which had been classified by Cline et a/ 
1955) as the Pakini very fine sandy loam-—a 
soil which has developed trom the moderate 
weathering of a series of layers of volcanic 
ash. The surface horizon of about 5 to Ginches 
is dark-brown very fine sandy loam (A);) over 
a slightly lighter colored very tine sandy loam 
Ay) of varying thickness. The total thickness 


ot the combined A, horizon does not exceed 


15 inches. The material below the A horizon 
is a B horizon of vellowish-red silty material 


containing sand and gravel. In places a weak 


blocky structure has developed in contrast to 


the crumb structure of the A horizon. This 
material gradually grades into a reddish-yellow 
silt loam in which continuous white layers 
sheets) of carbonates occur as bands about 
halt an inch in thickness. The carbonate- 
coated decayed roots ot plants ot the previous 
original vegetation of the area occurred in 
this layer and in the B horizon immediately 
above it and at a depth of 36 to 58 inches be 
low the surtace. The original vegetation has 
been removed and replaced by grasses suit 
able tor grazing 


The 


shown in Figure 1 


rhizo-concretions of carbonates are 


They retain the general 
shape of the root. The concretions in the cen- 
ter row of the illustration show a deposition 
layer on the outer surtace of the root and a 
mixture of carbonates and decomposed or- 
ganic material in place of the root in the center 
The outer 


ot the concretion (inner portion 





Fic. 1. Calcareous rhizo-concretions found in soils 


near South Point, Hawai. Size of concretions can be 


compared with the scale shown in inches 


layer apparently was deposited around the 
living root and the inner portion was deposited 
after decomposition of the root at a later time. 
The outer layer was comparable in appearance 
to the calcareous layers or sheets in the soil. 
The deposition of the carbonate appeared to 


occur on the surface of very fine texture layers 


occurring in the wind-blown materials, usu- 
ally clay layers. Samples were collected to 
represent the outer and inner portions of 
rhizo-concretions and the sheets 

The data obtained from the chemical analy- 
sis to determine the composition of the car- 
bonates are presented in Table 1. The total 
carbonate content of the inner portion of the 
rhizo-concretions was found to be a little less 
than 82 per cent, the highest carbonate con- 
centration of the calcareous concretions. The 
total carbonate contents of the outer portion 
of the rhizo-concretion and of the calcareous 
sheets were almost identical, ranging from 65 
to 67 per cent. This would suggest that the 
outer portion of the rhizo-concretions and the 
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calcareous concretions were formed by similar 
processes of precipitation. These latter cal- 
careous depositions are dense and hard while 
the carbonate material 
thizo-concretions is soft and powdery; thus, 


inside the tubular 
the latter depositions constitute only a small 
portion of the total carbonates. The powdery 
carbonate of the inner tubular structure could 
have been precipitated from the waters carry- 
ing bicarbonates of calcium and magnesium. 
The precipitation by the action of alkaline 
earth elements on ammonium carbonate de- 
veloped by the decomposing organic matter 
as suggested by Mathias (1931) should not be 
discounted. The outer portion of the rhizo- 
concretion and the sheets were probably pre- 
cipitated by the precipitation of particles of 
carbonate near the root or in the more alkaline 
soil layer and the precipitation of bicarbonates 
continues due to increasing alkalinity, a proc- 
ess proposed by Gillam (1937 
concretion formation of pyrolusite has been 
described by Sherman ef a/. (1949). 


. Similar rhizo- 


The data in Table 1 show an appreciable 
quantity of magnesium carbonate in these 
concretions. The highest content was tound 
in the inner portion of the rhizo-concretions 
which was found to contain 23 per cent mag- 
nesium carbonate, in other words, a little over 
62 per cent of the carbonates was in the form 
of dolomite. The outer portion of these con- 
17.0 and 
magnesium carbonate, or in other words, 56 


cretions contained 16.5 per cent 
per cent of the carbonates were in the torm of 
dolomite. The calcareous sheets contained 18 
per cent magnesium carbonate, equivalent to 
58 per cent of the carbonates in the form of 
dolomite. Thus, active dolomitization ts oc- 
curring in the formation of these concretions. 
The determination of exchangeable cations in 
these soils has revealed a high content ot ex- 
changeable magnesium. The high magnesium 
saturation in the exchange complex is the 
result of a high content of magnesium ions in 
the waters which circulate through the weath- 
ing system. This would also give an ample 
supply of magnesium to form the magnesium 
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TABLE 1 
THe CHEMICAL COMPOSITION OF THE CARBONATES IN RHIZO-CONCRETIONS AND 
CALCAREOUS LAYERS OCCURRING IN THE SOILS OF THE PAKINI SERIES, SOUTH POINT, 
Kau, ISLAND OF HAWAII 


MINERALS 
TOTAI OTHER THAN 
SAMPLI CARBONATES CARBONATES 


Per cent Per cent 


Rhizo-concretion 
#l inner portion 
Rhizo-concretion 
#1 outer portion 
Rhizo-concretion 
2 inner portion 


Rhizo-concretion 


#2 outer portion 


Calcareous sheet 
Calcareous sheet 


bicarbonate which would be essential to the 
process of dolomitization. Since calcium ions 
occur in a greater concentration, the precipt- 
tated carbonates would show an excess of cal- 
cium carbonate. Thus, the rhizo-concretions 
and sheets should be considered to be dol- 
omitic lime depositions. 


SUMMARY 


The results of this study have resulted in 
the following conclusions. The highest total 
carbonate and carbonates in the form of dolo- 
mite occur in the inner portion of the cal- 
careous rhizo-concretions. The similarity be- 
tween the composition ot the outer portion ot 


the 


rhizo-concretions and the calcareous 


sheets indicates that these concretionary depo- 


sitions occurred under the same conditions 
and are undoubtedly deposited by the same 
process. The proportion of magnesium Car- 
bonate in all of these concretions indicates 
that active dolomitization is occurring and 
that dolomite is being deposited in the concre- 
tion. These concretions should be considered 
as dolomitic lime concretions. 
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Barriers to Protect Hilo from Lava Flows' 


GORDON A. MACDONALD 


THE CITY OF HILO, on the island of Hawaii, 
lies on the flank of one of the world’s most 
active volcanoes, Mauna Loa. For more than 
a century the danger of destruction of the city 
by lava flows has been recognized. Old docu- 
ments recount the apprehension with which 
Hilo residents watched the advance of the 
lava flows of 1852 and 1855. In 1881 concern 
was even greater, as the flow tront crawled 
within a mile of the shore of Hilo Bay. Early 
in his studies of Hawatian volcanoes, the late 
Dr. Thomas A. Jaggar recognized the threat 
to Hilo, and for many years the safety of the 
city and methods by which it might be in- 
sured were among his principal concerns 
( Jaggar, 1931, 1949). 

In 1937, following preliminary studies by 
the statt of the Hawaiian Volcano Observa- 
tory, Jaggar proposed the building of a bar- 
rier, or barriers, on the lower slopes of Mauna 
Loa to detlect lava flows trom Hilo harbor and 
its immediate vicinity. Such a barrier would 
consist essentially of a great wall stretching 


diagonally across the slope. The purpose ot 


the barrier would not be to hold back the 
flow, like a dam, but to turn the flow and di- 
rect it away trom the vital area. In 1938 a study 
of the project was begun by the U. S. Engi- 
neer Department (now U. S. Army, Corps of 
Engineers). A route and design for the barrier 
were chosen, and the entire proposal was sub- 
jected to caretul study. It was found in the 
estimate of the Engineer Department to be 
entirely feasible. The official report, in January 
1940, stated: “The District Engineer believes 
it is possible to protect the harbor and city by 
a properly located and constructed barrier 

The construction of the barrier was not carried 


Director, U. § 
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? Present address, Department of Geology and Geo 
physics, University of Hawaii. Contribution No. 6 
Hawaii Institute of Geophysics 


' Publication authorized by the 
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out because it was considered not to be a 
justified function of the War Department 
( Jaggar, 1945: 340-341 

It is the purpose of this paper to review the 
need ot protection for Hilo, and the methods 
by which it might be accomplished. When | 
first heard of the proposal to protect Hilo trom 
lava by means of walls to detlect the flows, | 
was very doubtful whether the method could 
be successful. However, the study of active 
flows during 7 eruptions and of many older 
flows, in the course of 17 years ot experience 
with Hawauan volcanoes, has convinced me 
that such walls have an excellent probability 
of succeeding. Attempts to build diversion 
barriers during the 1955 eruption of Kilauea 
have not weakened that conviction, though 
they have shown that the walls must be care 


tully planned, and properly placed and 
constructed 


Whether barriers are likely to be needed, 


and whether successtul barriers can be built, 
are questions properly falling within the treld 
ot the volcanologist Answers to only those 
questions are attempted herein. The question 
of whether a barrier should be built involves 
complex considerations of relative values ot 
the area to be protected, income to be ex 
pected from the area, effects of loss ot the 
area upon the economy of surrounding areas, 
ettects of displacement of population as a 
result of loss of the area and intluence on ad 
jacent areas, cost of construction of the bar- 
rier plus interest on the cost, the ability of the 
community 


either locally or at large) to pay 


this cost, and no doubt other tactors. There 
are also the legal questions arising trom diver- 
sion of lava onto land that otherwise might 
not have been covered during that eruption 
These questions fall outside the province of 
the volcanologist and must be decided by 


economists, sociologists, and lawyers. 
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Hilo Bay hes at the junction ot the slope of 
Mauna Loa volcano with that of Mauna Kea 
Most ot the city of Hilo, 
south of the Wailuku River, ts built on geo- 


logically recent lava flows from Mauna Loa 


to the north (Fig. 1 


The very existence of Hilo Bay ts the result of 
these flows, which constitute all of the broad 
promontory that extends eastward to Lelemwi 
Point. These flows cannot now be dated in 
vears, but probably most of them are less than 
2.000 years old 

Since about 1820, when our real knowledge 


Mauna 


has been among the most active volcanoes in 


of Hawaiian volcanoes begins, Loa 
the world. During that period it has erupted 
on an averave once every 4 6 years, and the 
total lava poured out has been more than 4 
billion cubic yards. Nothing in the geological 
record indicates that this degree of activity 1s 
abnormal in the history of the volcano, nor ts 


there reason to expect that the degree ot activ- 


ity in coming centuries will differ appreciably 
from that of the last. 

The vents of flank eruptions of Mauna Loa 
are concentrated along two zones of fractur- 
that 
spectively east-northeastward and southwest- 
The 


northeast rift zone averages about a mile in 


ing, known as rift zones, extend re- 


ward trom the summit of the mountain 


width, and trends almost directly toward Hilo. 
It is marked at the surface by innumerable 
fissures in the ground, and lines of cinder and 
spatter cones built at the sites of eruptions 
The three small cinder cones known as the 
Halai Hills, within the city of Hilo itselt, ap- 
pear to lie on the prolongation of the north- 
east rift zone; but fortunately the portion of 
the rift zone below an altitude of 6,000 feet 
has been inactive for many hundreds of years 
Eruption along the northeast ritt zone has 
built a broad, rounded ridge trending toward 
Hilo. The north slope ot this ridge intersects 
the south slope of Mauna Kea, producing a 
broad valley through which the Wailuku River 
and its tributaries flow eastward into Hilo Bay 
Fig. 1 


ration, all lava flows erupted trom the northern 


Because of this topographic contigu- 
t : 


part of the rift zone below approximately 
11,500 teet altitude are directed toward Hilo 
within a belt about 6 miles wide. Whether or 
not they reach Hilo depends largely on the 


leased 


volume of lava re during the eruption, 
and whether it is concentrated into a single 
flow or spread as several flows over the upper 
slope of the mountain 

It is the restriction of flows approaching 
6 miles wide 
the Wailuku that 


makes teasible the protection of the city by 


Hilo to this relatively narrow 


belt just south of River 
diversion barriers 
Flows issuing at points on the northeast 
rift zone above 12,000 teet altitude probably 
will turn westward in the Humuula Saddle (as 
1843 


did the flow ot and consequently do 


not constitute a threat to Hilo 

Since 1850 there have been 6 major erup 
tions in the northeast rift zone, producing 8 
major lava flows with an aggregate volume ot 
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Fic. 1. Map of the island of Hawaii, showing the location of the city of Hilo, and of barriers proposed to protect 
it from lava flows originating on the northeast rift zone of Mauna Loa 


more than 1,000,000,000 cubic yards. Of these, 
7 flows have advanced toward Hilo, and in 
1881 lava actually invaded part of the present 
city. The volume of the 1881 flow toward 
Hilo was approximately 250,000,000 cubic 
yards. In 1942, a flow with a volume of ap- 
proximately 100,000,000 cubic yards started 


from a vent at 9,200 feet altitude and ad- 
vanced northeastward 16 miles, coming to a 
halt 12 miles from the shore of Hilo Bay. As 
compared with these flows from the northeast 
rift zone, the 1859 flow on the northwest 
slope of the mountain and the 1950 flows 
from the southwest rift zone each had a vol- 
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ume of approximately 600,000,000 cubic yards. 
This latter volume is more than twice that of 
the 1881 flow, and 6 times that of the flow of 
1942. The distance from the source of the 
1859 flow to the point where it entered the 
ocean is 32 miles. The vents of the 1942 and 
1881 flows are 28 and 30 miles, respectively, 
from the shore at Hilo. If either the 1881 or 
the 1942 flows had had a volume equal to that 
of the 1859 or 1950 flows, the lava almost 
certainly would have entered Hilo Bay, and 
doubtless would have overrun much of the 
city. 

In the vicinity of Hilo, lava flows of geolog- 
ically recent age rest on a bed of yellow ash 
(Stearns and Macdonald, 1946: 63-78), and 
early flows of this group buried charcoal that 
has been shown by radio-carbon dating to 
have been formed about 2,000 years ago 
(Macdonald and Eaton, in preparation). It ts 
estimated that during the interval since then 
about 20 or 25 lava flows have entered the 
Hilo area. Thus, based on these crude statistics 
as well as on the historic record, an average ot 


about one flow per century can be expected to 
enter the city of Hilo. Probably about one of 


every three such flows will enter the bay. The 
last flow to enter the present city was that of 
1881, and no flow has entered the bay since 
sometime previous to 1800. Obviously, these 
figures are inadequate tor the determination 
of the mathematical probability of the en- 
trance of lava into the city or harbor within 
any given length of time; but within their 
limits they suggest that a flow may be ex- 
pected to enter the city within the next 25 
years, and to enter the harbor within the next 
century. No one can predict when this may 
happen-— whether within the next 5 years or a 
century or two hence —but the threat is ap- 
parent and the implications to the economy of 
the island demand consideration of protective 
or palliative measures. 

The volume of water in Hilo harbor, and 
especially that in the deep ship channel, 1s 
comparatively small. The total volume east of 
a line connecting the end of the breakwater 
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with the mouth of the Wailuku River is ap- 
proximately 45,000,000 cubic yards, and in 
the same area the central channel below a 
depth of 5 fathoms has a volume of only about 
3,000,000 cubic yards. Part of any flow enter- 
ing the harbor would project above sea level, 
of course, and part would occupy the shallow 
margin of the bay, but the topography of the 
bay floor would guide the advancing flow di- 
rectly into the most important part of the 
harbor—the ship channel. Once in this sub- 
merged valley the lava would tend to spread 
along it. Both the natural valley wall north of 
the channel, and the breakwater, would serve 
as barriers to confine the flow to the harbor 
Thus 100,000,000 cubic yards of lava entering 
the harbor almost certainly would make it un- 
usable, and half that volume probably would 
have the same result. Indeed, a very much 
smaller volume entering the ship channel, as 
it very probably would do, would cause 
serious damage. 

The loss of Hilo harbor would be disas- 
trous to the present economy of much of the 
island of Hawaii, for there is no other harbor 
in that part of the island capable of handling 
the cargo that moves through the port of Hilo 
Furthermore, the loss might well be perma- 
nent. The congealed lava in the bay could not 
to any large extent be removed by simple 
dredging, and a dithcult and very costly 
blasting operation would be necessary to clear 
the harbor 

It should be noted that in time of eruption 
the supply of tresh water for Hilo may present 
a serious problem. Most of the city’s water 
now comes from the Wailuku River. A lava 
flow entering the Wailuku drainage basin 
might greatly reduce the volume ot available 
water and render the remainder unusable with- 
out special treatment. During the 1855 erup- 
tion the river water became much discolored 
by organic matter trom burned vegetation, 
but at that time it caused no trouble because 
the city’s water was obtained trom springs. 
The possibility of lava flows seriously damag- 
ing Hilo’s water supply was pointed out sev- 
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eral years ago (Stearns and Macdonald, 1946: 
258) and the construction of wells to provide 
an alternative or supplementary water supply 


was suggested. Such wells should be kept. 


within the line of the proposed lava diversion 
barrier, protected as tar as possible from 
lava flows. 


INADEQUACY OF AERIAL BOMBING 


The use of explosives to alter the course of 


lava flows was first suggested by the late 
Lorrin A. Thurston in the early 1920's, and 
was elaborated and made specitic by Jaggar 
(1931, 1936 
plosive by means of aerial bombs was sug- 


. The idea of emplacing the ex- 


gested by the late Guido Giacometti at the 


time of the 1935 eruption. 

There are three general ways in which bomb- 
ing can divert lava flows: (1) by breaching a 
lava tube in a pahoehoe tlow, (2 by breaching 
an open channel in an aa flow, or (3) by 
breaking down the walls of the cone at the vent 
(Finch and Macdonald, 1949; 1951: 128-132 
(For a discussion of the characteristics of aa 
and pahoehoe flows, see Macdonald, 1953 

(1) At first the main feeding streams of all 
flows are in open channels, but after the first 
tew hours or days of activity the main stream 
of a pahoehoe flow crusts over and develops a 
roof. Thereafter it flows through a tube, from 
a few feet to as much as 50 feet in diameter, 
resembling a great pipe or subway. Bombs 
dropped on this tube may break it open, 
clogging the tube partly with debris trom the 
shattered root and partly with viscous aa lava 
resulting from the violent agitation of the 
fluid lava in the tube. The clogging may 
cause an overflow from the tube at that point 
and a consequent diversion of the main feed- 
ing stream of the flow. If the diversion is sev- 
eral miles upstream from the former advancing 
flow front, several days may pass before the 
front of the new flow reaches as great a dis- 
tance from the ventas had the earlier flow front. 

(2) The main feeding river of an aa flow re- 
mains largely open, but repeated overflows 
gradually build up natural levees on each side 
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of the stream, and after the first few days the 
stream commonly is flowing at a level several 
feet higher than the adjacent land surtace. 
Breaking down the levee by bombing permits 
the liquid to escape trom the old channel and 
start a new flow. The removal of part or all of 
the supply of liquid lava from the old channel 
causes the advance of the old tront to slow 
greatly or stop altogether, and it may be sev- 
eral days betore the new front reaches a point 
as far from the vent as that reached by the old 
one. At that time bombing can be repeated 
if necessary. 

(3) Commonly the pool of liquid lava in the 
cone, which feeds the flow, is at a level several 
feet above the ground surface adjacent to the 
cone. As with the aa levees, breaking down 
of the walls of the cone allows the lava to 
spill out laterally, starting a new flow and 
depleting the supply of lava feeding the 
previous tlow 

The last method, suggested independently 
by Finch (1942) and the writer (Macdonald, 
1943), has not yet been tried, although the 
natural breakdown of the cone walls during 
the 1942 eruption produced essentially the 
same effect that would be brought about by 
bombing. The first method was employed un- 
der the direction of Jaggar in 1935, and the 
second under the direction of Finch in 1942 
In neither case did the bombing wholly divert 
the flow, but in both it was demonstrated that 
the methods can be successful under favorable 
circumstances. However, bombing methods 
can be used only where topography 1s tavor- 
ableand at times when the lava flow has formed 
well-developed tubes or channels between 
elevated levees, or when a large cone ot ap 
propriate shape has been built at the vent 
Furthermore, the bombs must be very ac- 
curately placed to produce the desired ettects, 
and this in turn requires good visibility of the 
targets from the air. During times of eruption 
visibility is often very poor over the flows in 
any area because of the clouds of volcanic 
fume and smoke from burning forests. In the 
area southwest of Hilo visibility is apt to be 
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especially poor because of the combination of 
these with the normal trade-wind clouds gen- 
erally present even in times of noneruption. 
For days or even weeks at a time targets in that 
area may not be visible from the air. This is 
emphasized by experience during the 1942 
eruption, when the most favorable targets 
chosen during a reconnaissance flight could 
not be seen on succeeding bombing flights, 
and the bombs had to be dropped on less 
favorable targets 

Possibly the bombs could be placed ac- 
curately, even in dense clouds and smoke, by 
the use of infrared or radar bomb sights. Also 
it has been suggested that heavy artillery fire, 
directed by ground observers close to the 
targets, might be used instead of bombing in 
order to overcome the dithculties of poor visi- 
bility from the air. The method should be 
tried. It appears doubtful, however, whether 
the explosive charges delivered in that manner 
could be suthciently large to produce the 
desired results 

Still another limitation to the use of bomb- 
ing arises from the considerable length of 
time required to load planes with bombs and 
fly them to the scene of eruption, and to select 
targets. Rapidly moving flows may already 
have done their damage by the ume the 
bombers arrive. Thus, for instance, the lava 
flow that destroyed part of Pahoehoe village 
on the night of June 1, 1950, could not have 
been diverted by bombing because of the very 
short time (about 3 hours) in which it reached 
the village, and because its channel walls were 
not sutticiently well established to permit 
them to be broken down by bombs. The same 
would be true of a similar rapid flow toward 
Hilo. Fortunately, a flow of equal rapidity is 
unlikely in the area near Hilo, because of the 
much gentler slopes on the Hilo side of the 
mountain and the much greater distance of 
Hilo from any likely vents. Nevertheless, 
flows too rapid to be bombed successfully 
before they reach Hilo are possible. The lava 
flow of 1859 traveled the entire distance of 
32 miles from the vents to the ocean in less 


than 8 days, over slopes averaging about the 
same as those southwest of Hilo. 

Thus bombing cannot be relied upon to 
protect Hilo from lava flows. It is a useful 
auxiliary method, and should be employed 
when possible even if lava barriers have been 
built, to help preserve the barriers in a condi- 
usefulness for future 


ton of maximum 


cruptc ns. 


EFFECTS OF LAVA FLOWS ON WALLS 


The idea of constructing walls to control 
the course of lava flows is not new. In 1881, a 
loose stone wall was hastily constructed across 
what was then the course of Alenaio Stream, 
in an attempt to prevent the lava from reach- 
ing the Waiakea mill (on the southern out- 
skirts of Hilo 
the wall, formed a pool behind it, and eventu- 


The pahoehoe lava reached 


ally spilled over the wall without displacing it. 
This is an interesting illustration of the ability 
of even a loose stone wall to withstand the 
thrust of a lava flow. By chance, the flow 
stopped when the lava had progressed only a 
few feet beyond the wall. If the flow had not 
stopped, the attempt to confine the lava was 
doomed to certain failure because the wall was 
built as a dam directly across the course of the 
flow, and even though the wall confined the 
liquid lava for a short time the reservoir was 
too small to hold any great volume of lava 
Also in 1881, a much greater project in the 
Hilo area was planned, but never executed. 
W. R. Lawrence, an engineer for the Hawaiian 
government, recommended the construction 
of an embankment along the northern side of 
Alenaio Gulch to confine the lava to the gulch 
and prevent it from spreading northward into 
the main part of Hilo. Arrangements were be- 
ing made to put 1,000 men to work on the 
project, when the flow ended and the con- 
struction became unnecessary ( Baldwin, 1953 
3). If the project had been carried out, it 
probably would have been successful. 


For many years farmers on the slopes of 


Vesuvius have built small walls in an ettort to 
keep mud flows from entering their vine- 
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yards, but the method does not appear to 
have been employed against lava flows (F. M. 
Bullard, personal communication, 1956). Ex- 
cept for the barriers built in 1955, described 
on a later page, I know of only one other de- 
liberate attempt to control a lava flow by 
means of a wall. In 1951, lava flows trom 
Mihara volcano, Japan, accumulated in the 


Oshima caldera and approached the level of a 
low gap in the caldera wall directly above the 
village of Nomashi. In an ettort to prevent the 


lava from spilling through the gap and threat- 
ening the village, the villagers constructed 
(Fig. 2) 15 
meters long, 2 to 4 meters high, and 3 meters 
thick (Mason and Foster, 257). The 
wall was intended to impound the lava like a 
dam, until the lava reached a level at which it 
would spill through another nearby gap where 


across the gap a masonry wall 


1953: 


it would not threaten the village. The eruption 
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stopped before the lava reached the wall, but 
there is every likelihood that the wall would 
have accomplished its purpose 

Several examples of lava flows coming in 
accidental contact with stone walls have been 
observed. In 1906, an aa lava flow invaded the 
town otf Boscotrecase, on the south slope of 
Vesuvius, and entered the churchyard which 
was enclosed by a masonry wall about 10 feet 
high. The lava tilled the churchyard nearly to 
the level of the top of the wall, but did not 
damage the wall ( Jaggar, 1945: pl. 1). Nearby, 
lava moving along the village streets did not 
seriously disturb the walls of the adjacent 
buildings (Fig. 3). Most of the damage to the 
masonry, visible in Figure 3, was caused by 
fire in the buildings. (At other places build- 
ings were seriously damaged, especially where 
the walls lay at right angles to the direction 
of advance of the flow. 


Fic. 2. Masonry wall built across a gap in the wall of Oshima caldera, Japan, in 1951, to prevent lava from 


spilling through the gap and endangering the village of Nomashi. Photo by Helen L. Foster, l 


ical Survey 


a Geok M4 





Barriers Against Lava — MACDONALD 





a street in the village of 


the slope of Vesuvius during the 
Nore that the masonry walls are little 


rT. A 


Jagear 


In 1920, a flow ot pahoehoe transitional to 
rift of Kilauea, en 


countered a loose stone wall 


aa, trom the southwest 


Sto 3 teet high 
and 18 inches thick lying at an angle of about 
60° to the course of the tlow, piled up behind 
j 


ed over it without dam- 


1945: pl. 2 


it, and eventually spil 


aging the wall ( Jagygar, Betore 


spilling over the wall the flow was diverted 


tor 40 teet along its length. In 1945, a pahoe- 


hoe tlow trom Mauna Loa encountered a sim 
ilar wall in the Humuula Saddle and tormed a 
pond behind it until the level of the lava be 
came high enough to spull over it, again with 
almost no ettect on the wall itself. In 1954, a 
pahoehoe flow on the floor of Kilauea caldera 
surrounded an old corral on three sides, but 
did not push over its loose stone walls, which 
actually were in such poor condition that they 
were starting to tumble down by themselves 
In 1950, a rapid aa flow on the west side of 
Mauna Loa encountered a loose stone wall 
about 3 feet high along the upper side of the 
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highway. The lava soon piled up enough to 


spill over the wall, but it does not appear to 


have damaged the wall, and for a distance of 
about 250 feet at the south edge of the flow it 
spread only 15 to 20 feet beyond the wall. 
Farther north the same flow continued un- 
checked down the mountainside (Finch and 
Macdonald, 1950: 4 

An excellent example of the effect of un- 
substantial walls on fluid lava is contained in 
(1907 
at Matavanu, 


the following description by Jensen 
653) of the lava flow of 1905 


Samoa 


In portions of the coastal area, as at Toapai- 
pai, where the thickness of the flow is be- 
tween 10 and 40 teet, the lava has in several 
instances flowed round buildings of stone, 
piling itself higher and higher, without crush- 
ing in the walls. Such houses are now repre- 
sented by holes, except where the flow has 
been sufhciently high to enter by the roof, or 
sufhciently liquid to flow in through the 
windows. At one place, near Saleaula, where 
the lava is between 6 and 10 feet thick, a 
native house was removed before the stream 
advanced, but the spot where it stood is now 
a depression surrounded by almost vertical 
lava walls and has grass growing on the bot- 
tom. This spot was preserved by a ring of 
stones about 18 inches high, such as the 


natives make round their houses 


The latter constitutes a remarkable extreme 
example of the ability of walls to hold back 
lava flows of depth much greater than the 


height of the wall. This characteristic will be 


discussed in more detail below 


Mason and Foster (1953) have described 
the destruction of a tea house on the rim of 
Mihara Crater in 1951. As the lava surrounded 
the building, wooden parts were destroyed by 
fire and lava which entered through window 
openings, but the masonry walls withstood 


the pressure of the flow. 

During the 1669 eruption of Mount Etna 
in Sicily, lava flowed against the ancient city 
walls of Catania. For several days the walls 
withstood the lava and diverted it around the 
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city toward the sea (Sartorius, 1880: 252-253). 
Eventually the lava broke through a weak part 
of the wall and flowed into the city. It should 
be noted, however, that the breach occurred 
in a part of the wall that lay essentially at 
right angles to the course of advance of the 
flow, and hence was acting as a dam rather 
than as a diversion barrier. 

The foregoing illustrations are ample to 
demonstrate that thin masonry walls, and even 
ordinary loose stone walls such as are built as 
fences along land boundaries, commonly are 
able to withstand the pressure of lava flows 
without being pushed over. As Mason and 
Foster (1953) have pointed out, such pressure 
usually is no more than the hydrostatic pres- 
sure that the lava is capable of exerting against 
the wall (and it will be shown that this is only 
a portion of the theoretical hydrostatic pres- 
sure). In some instances the forward momen- 
tum of a flow may result in sufficient pressure 
to push over ordinary stone walls or even 
masonry walls. Examples of this are known at 
Etna. However, even the relatively high ve- 
locity of the Kaohe flow during the 1950 
eruption of Mauna Loa was not sufficient to 
disturb materially the loose stone wall along 
the highway. Fortunately, also, on the gentle 
slopes in the vicinity of Hilo lava flows are 
likely to be slow moving, thus reducing es- 
sentially to zero the risk of the momentum- 
pressure of a flow pushing over even a very 
frail wall. 


EXPERIENCE WITH BARRIERS DURING 
1955 ERUPTION 


The most recent attempts to control lava 
flows in Hawaii by means of walls were made 
during the 1955 eruption of Kilauea. Ac- 
counts of the eruption have been, or will be, 
published elsewhere (Macdonald and Eaton, 
1955, and in preparation). 

The first possible need for a diversion bar- 
rier arose on the evening of March 3, when a 
big aa flow from the vents near Puu Kii 
reached a low divide at the head of a shallow 
valley that led toward the village of Kapoho. 
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Fic. 4. Wooden plank set in the path of a pahoehoe 
flow on the flank of Kilauea volcano on March 13, 
1955, diverting the flow 


Had the flow spilled over the divide and en- 
tered the valley, it probably would have fol- 
lowed the valley to Kapoho. A former railroad 
embankment 8 to 10 feet high, currently used 
as a truck roadbed, lay across the top of the 
divide. The lava reached that embankment 
and piled up as much as 15 feet above it, but 
was deflected southward by it, away from 


Kapoho. Although the top of the flow stood 


high above the level of the top of the embank- 
ment, the movement of the flow was gov- 
erned by the lower liquid portion, on which 
the top was merely carried along. The be 
havior of the flow in this instance clearly dem- 
onstrated that under favorable circumstances 


Fic. 5. Bulldozers constructing an earthen barrier in 
an attempt to keep lava from reaching the Iwasaki 
camp during the eruption of Kilauea on March 21, 1955 
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the height of a barrier need not be as great as 
the depth of the lava in order to turn the 
course of the flow. 

The next experience with a barrier came on 
March 13, when fluid pahoehoe flows were 
erupted in cleared land adjacent to the Pahoa- 
Kalapana road. Seizing a favorable Oppor- 
tunity, we placed in the path of one of the 
advancing flow tongues a wooden plank about 
8 feet long, 18 inches wide, and 2 inches thick 
The plank was set on edge in nearly vertical 
position, diagonally to the path of the flow, 
and held in place by a tew loose rocks placed 
behind it. The intense heat of the approach- 
ing flow front prevented us from doing a good 
job of blocking the plank in place. The lava 
came in contact with the plank and tilted it 
back to a somewhat flatter angle, but the lava 
was turned to one side by the plank, and in 


spite of the insecure blocking did not push 


the plank aside (Fig. 4). The plank ignited 
and burned slowly, but continued to divert 
the flow tor half an hour, until a new tongue 
of lava approached it by a different path and 


buried it 


On the morning of March 21 a tongue of a 
large aa flow entered the head of a small valley 
that led directly to a small plantation camp 
owned by Koji Iwasaki. It was obvious that if 
the lava continued down the valley the camp 
was doomed. In an ettort to divert the flow 
across the low ridge south of the valley, a wall 
about 1,000 teet long and averaging about 10 
feet high was hurriedly thrown up by bull- 
dozers (Fig. 5) working under the direction of 
Arthur Lyman of Olaa Sugar Company, with 
the advice of J. P. Eaton of the Hawaiian 
Volcano Observatory statt. During the after- 
noon the flow tront reached the barrier, and 
was successfully turned by it. However, after 
the flow front had moved only about 50 feet 
along the barrier the supply of lava was cut 
oft, and that tongue of the flow stagnated 

Later in the eruption another flow tongue 
came against a different part of the barrier. But 
again, after the lava had moved along the bar- 
rier only a tew teet, the flow stopped. Still 


2 
later flows swept down the mountainside by 
other routes remote from the barrier and 
destroyed the Iwasaki camp. 

Thus, the Iwasaki barrier was not actually 
subjected to a critical test. However, it does 
supply some valuable data on barrier con- 
struction. The wall was built by 6 bulldozers 
(three D-8's, two D-7’s, 
less than 4 hours, working in an area of old 


and one TD-14) in 


pahoehoe flows where loose material avail- 
able for incorporation in the wall was not 
abundant. At times the bulldozers worked 
within a few feet of the advancing flow front 
without trouble, and after the first few min- 
utes without undue worry to the operators. 
Because of the small amount of space avail- 
able, the wall was placed at too flat an angle to 
the course of advance of the flow for best 
results. Nevertheless, the flow front was suc- 
cessfully turned. The flow piled up to nearly 
double the height of the wall, but only a few 
fragments rolled over the wall. 


About noon on March 22, Robert Yamada 
started construction of another series of bar- 
riers to try to divert another portion of the 
flow trom his cottee plantation near the coast 
The work was done by four TD-24 bulldozers 
the 


under Yamada's 


Donald. The first barrier was placed at much 


supervision ot son, 


too obtuse an angle to the course of the ad- 
vancing flow. Moreover, the terrain was not 
really favorable to the successful operation of 
diversion barriers. The drainage system is 
poorly defined, and the slope of the land sur- 
face is so low that barriers need to be placed 
at a very acute angle to the course of the flow 
in order to provide suthcient grade in the new 
channel behind the barrier. A plan of the 
Yamada barriers is given in Figure 6. 

At 3:30 p.m. on the same day a tongue of 
the lava flow was advancing down a road 
toward the barrier at a rate of about 60 feet an 
hour, with its front only 260 feet from the 
growing barrier. It became evident to Curtis 
Kamai and me that this tongue would reach 
the barrier betore the main body of the flow 


reached it somewhat farther upslope, and 
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Borer 





Edge of love flow on March 22 & 25 
ase Edge of love flow on March 26 
——®> Direction of teva movement 


Fic. 6. Plan of the barriers built by Robert Yamada 
in an attempt to keep lava from destroying his coffee 
plantation, on March 22-24, 1955 


might consolidate against the barrier to form 
a dam which would impound the main body 
of the flow against the barrier and cause it to 
spill over. To prevent that, a short barrier 
(Fig. 6, 1A) about 150 feet long and 8 feet 
high was hurriedly built across the path of the 
rapidly advancing tongue. This short barrier 
was completely successful. Part of the flow 
was diverted eastward by it, but, more im- 
portant, the advance of the entire tongue was 
delayed, as had been hoped, until the main 
body of the flow had made contact with the 
main barrier farther west and the entire flow 
front had turned eastward along the main 
barrier. 

On completion of the first two barriers 
(Fig. 6, 1 and 1A) construction was started on 
another (Fig. 6, 2) farther down slope and ly- 
ing at a more acute angle to the course of ad- 
vance of the tlow. Barrier 2 was connected to 
barrier 1 by a short wall at its western end. 
This connection was a mistake because it 
prevented the full operation of barrier 2 and 
actually forced some lava to flow around its 
western end, thus partly defeating its purpose. 
Lava spilled over barrier 1, which as previously 
stated was built at too obtuse an angle to the 


path of the flow, and filled the space between 
barriers 1 and 2. On March 24a strong flow of 
lava was observed by Eaton along the north 
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side of barrier 2 and parallel to it. Some lava 
spilled over barrier 2, particularly near its 
western end where it was only about 6 feet 
high, and joined that flowing around its west 
end, but the main body of lava was diverted 
eastward. No lava reached barrier 4 (Fig. 6). 

Barriers 3, 3A, and 3B, to the west of barrier 
2 (Fig. 6), were poorly conceived and served 
no useful purpose. In particular, barrier 3B, 
which appears to have been an attemps to 
impound a flow tongue by heaping up a wall 
around it, was wholly inettective. 

In spite of poor placement and hurried, in- 
adequate construction, the principal Yamada 
barriers were essentially successtul. Very little 
lava passed barrier 2 in the direction of the 
cottee plantation, and even at the ume of 
poorest operation of the barrier Eaton esti- 
mated that the velocity of flow of lava along 
the north side of the barrier was 5 times as 
great as that across it. Considering the much 
smaller depth of material crossing the barrier 
as compared with that in the channel behind 
it, this means that probably at least nine- 
tenths of the volume of the flow was diverted 
eastward parallel to the barrier. 

Unhappily, these courageous attempts at 
barrier Construction on the part of the Ya- 
madas did not prevent the destruction of the 
coffee plantation. On March 27 another flow 
passed a quarter of a mile southwest of the 
barriers, and on March 28 it swept across the 
plantation and into the ocean 


The Yamada barriers provided some im- 
portant lessons in barrier construction. In the 
first place, they demonstrated the amazing 
rapidity (and correlatively, the surprising 
cheapness) with which such barriers can be 
built by modern bulldozers in areas where con- 
struction material is abundant. The area was 
one of fairly recent aa flows, and large amounts 
of loose aa clinker could easily be pushed up 
(together with tree trunks and all other debris 
into a wall. Careful observation by Eaton, 
Kamai, and myself revealed no signs of any 
yielding of the walls under the thrust of the 
lava flows. The short delaying barrier (Fig. 6, 
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1A) was entirely successful, and demonstrated 
one method of controlling the relative speed 
of advance of different parts of a flow front. 
Barrier 2 showed that even when the flow top 
has piled high above the barrier, and some 
spill-over is occurring, the barrier may still 
control the direction of movement of the bulk 
of the flow. The Yamada barriers demonstrated 
also the importance of a cleared corridor along 
the upper side of the barrier, to facilitate the 
advance of the flow along the barrier; the im- 
portance of placing the barrier at an acute 
angle to the course of the flow, and maintain- 
ing a continuous downgrade in the new chan- 
nel created by the barrier; the importance of 
extending the barriers laterally suthciently far 
to be certain of catching all flows that may 
advance toward the area being protected; and 
finally, the importance of planning and build- 
ing in advance, thus avoiding the poor execu- 
tion attendant on hurried construction with 
the lava crowding the bulldozers 


As it crossed the Yamada cottee fields, the 
lava provided yet one more lesson on lava 
barriers. In clearing the fields, bulldozers had 
pushed up great heaps of trash, 10 teet or more 
in height. These heaps consisted largely of 
trunks and branches of pandanus trees, with 
smaller amounts of other vegetable debris and 
some rocks. The lava flowed between, and 
eventually over, the heaps otf loose and mostly 
light rubbish without to any important degree 
displacing them, thus again demonstrating 
the small amount of thrust exerted by lava on 
obstacles. A similar example occurred earlier 
in the eruption at the time of the outbreak at 
the edge ot Kapoho village, when a heap of 
rubbish that had been pushed aside in clearing 
land diverted the flow away from a house. The 


Kapoho tlow was a thin and very fluid pahoe- 


hoe flow, and might be expected to be easily 
diverted. The tlow through the Yamada cottee 
fields was a very active aa flow with a moving 
front 10 to 15 feet high, and might be ex- 
pected to exert as much thrust against an 
obstacle as almost any Hawaiian flow; yet 


even it exerted so little thrust that the piles of 


loose debris in its path were essentially un- 
disturbed by it. 

The fact that lava flows follow the path of 
least resistance was demonstrated repeatedly 
during the 1955 eruption. The flow fronts ad- 
vanced much more rapidly along roads than 
through adjacent cane fields or forests. Even 
the small amount of obstruction caused by 
small and relatively scattered vegetation ob- 
viously slowed the advance of the lava. At the 
Yamada barriers, the lava covered the ground 
cleared by the bulldozers during construction 
of the walls much more rapidly than it did the 
uncleared forest areas. This fact is important 
because it indicates the great desirability ot 
clearing and keeping reasonably clear a path 
500 or more feet wide along the upper side of 
a diversion barrier to aid in turning the flow 
and establishing a channel along the barrier 


PRINCIPLES GOVERNING LAVA MOVEMENT 


Certain basic facts in the behavior of lava 
flows are of tundamental importance to the 
operation of lava barriers. These facts may be 
briefly enumerated. 

Although every lava tlow has some solid 
portions, the movement of the flow is gov- 
erned by the liquid portions. The solid por- 
tions are passively dragged along by the liq- 
uid, tending to modify somewhat the be- 
havior of the liquid, principally by making it 
more viscous; but, especially in Hawaiian 
The tact 
of basic importance is that the flowing lava ts 


tlows, these modifications are small 


essentially a liquid and for the most part be- 
haves like one. Thus lava always tends to flow 
directly down the steepest available slope, and 
to follow the path of least resistance 

In aa flows the most fluid portion is re- 
stricted to a narrow feeding river, seldom 
more than 30 teet wide, usually situated near 
the center of the flow. The margins of active 
flows commonly are still mobile, but very 
much less so than the material in the feeding 
river. Similarly, pahoehoe flows are fed by 
narrow streams flowing through natural pipes, 


or lava tubes. The modes of advance of both 
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types of flows have been described elsewhere 
(Macdonald, 1953). 

The viscosity of lava flows is high. Even in 
the most fluid portion, close to the vents where 
the temperature and gas content are highest 
and the load of solid crystals and rock frag- 
ments is least, the viscosity is 300,000 to 
100,000 times as great as that of water (Mac- 
donald, 1954: 173). Farther from the vent the 
viscosity of the most fluid portion rises to a 
million and more times that of water, and the 
effective viscosity of the flow as a whole is 
still higher. The liquid has a specific gravity 
probably 2 to 2.5 times that of water. Thus the 
liquid is both heavy and viscous. On steep 
slopes the heaviness of the liquid results in 
high speeds of flow, locally up to about 30 
miles per hour, in spite of the high viscosity. 
However, such high speeds are attained only 
in the narrow feeding channels or tubes. The 
high viscosity of the lava normally results in 
slow movement of the main body of the flow. 
On the steep slopes in central Kona the first 
flow of the 1950 eruption advanced as a whole 
at an average rate of 5.6 miles per hour. How- 
ever, on slopes such as prevail on the side of 
the mountain toward Hilo the fastest ob- 
served advance of a flow front is only about 
1,000 feet per hour, and most flow fronts ad- 
vance much more slowly than that. The flows 
of 1855 and 1881, on the slope of Mauna Loa 
southwest of Hilo, advanced only a few tens 
or hundreds of feet a day on the middle and 
lower slopes of the mountain. 

In almost all instances, essentially the only 
force causing movement of the flow front is 
the component of gravity along the sloping 
surface over which the lava is moving. Be- 
cause ground slopes in Hawaii generally are 
low, the component of gravitational force 
generally is small. This, combined with high 
viscosity of the liquid, results in the observed 
slow speeds of flow. In turn, because of their 
slow movement, lava flows possess very little 
kinetic energy. Where high speeds occur, the 
moving liquid may have enough kinetic en- 
ergy to cause it to dash a few feet up slopes 
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opposed to the direction of flow, or be thrown 
a few feet into the air where it encounters 
obstacles. Such occurrences are comparatively 
rare, however, and are encountered only on 
unusually steep slopes in the narrow feeding 
channels or very close to the vents. They are 
never encountered at flow fronts more than a 
very few thousand feet from the vents. Like- 
wise, the viscosity of the lava, though high, 
is not sufficiently great to permit much thrust 
on the flow front from lava behind it. Thus 
Hawaiian lava flows will not advance up hill 
to any extent, or exert any appreciable impact 
pressure against an obstacle owing to energy 
of motion in the flow. A flow front encounter- 
ing a barrier will not tend to “climb” the bar- 
rier to any important extent, nor will it strike 
against it with any violence. The lava will 
accumulate behind the barrier until an equi- 
librium level is attained, just as would water or 
any other liquid, and if the depth of the lava 
becomes great enough it will spill over the 
barrier. But essentially the only pressure ex- 
erted against the barrier is a portion of the 
hydrostatic pressure of the lava in the pool 

Wentworth (1954) has pointed out that, al- 
though essentially a liquid, lava does not be- 
have quite like water or other familiar liquids 
The difference results largely from the much 
greater viscosity of lava, and its tendency to 
freeze, thereby building up and tending to 
clog its channel, with consequent irregular 


overflows. This building up of the channel 


makes possible one type of diversion by aerial 
bombing, mentioned earlier. The most obvi- 
ous effect of the high viscosity coupled with 
the tendency to freeze is the piling up of lava 
to form a broad mound instead of a thin sheet, 
as water would do. The margins of flows are 
abrupt scarps several feet or tens of feet high. 
The effect is confined largely to the flow 
edges. Most flows have broad nearly level 
(though irregular ) tops, determined by the es- 
sential attainment of liquid equilibrium. The 
effect of viscosity and freezing at. the edge of 
the flow, allowing the flow to stand as a selt- 
contained unit with steep margins, is im- 
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portant in the operation of lava barriers in 
greatly reducing the hydrostatic pressure ex- 
erted against a barrier. Actually, the thrust 
against a barrier as a result of hydrostatic pres- 
sure is only a small fraction of what it would 
be if the lava were a completely liquid pool 
with the fluidity of water. 

The ability of even loose stone walls to 
withstand the pressure of flows indicates that 
the full theoretical amount of hydrostatic 
pressure is not exerted laterally by the flow 


Calculations indicate that with fully liquid 


lava resting against a wall of loose rock, slid- 
ing of the wall would result when the depth 
ot the liquid against the wall slightly exceeded 
the thickness of the wall. Commonly, how- 
ever, a lava flow piles up behind a wall to a 
depth several times as great as the thickness of 
the wall without displacing the wall. Appar- 
ently the departure of the fluid lava from 
complete liquidity is suthciently great to pre- 
vent the full theoretical hydrostatic pressure 
within the flow from being transmitted to the 
torward edge. This is further confirmed by the 
frequently observed tendency for a flow to 
stop with only its lowermost edge in contact 
with some natural obstacle, such as a crater 
wall, leaving a moat a few feet wide between 
the obstacle and the higher part of the flow 
margin. 


FACTORS INFLUENCING EFFECTIVENESS 
OF BARRIERS 


The tendency ot lava to build up its channel 
to a high level is important to the operation 
ot lava barriers in two respects. One is the pos- 
sibility that the flow may build up so high as 
to spill over the barrier. There is little danger 
of this if the angle of the barrier to the flow 
course is not too great that is, if the barrier 
does not force the flow to turn too sharply 
A little spill-over may be expected in any case, 
but is unimportant if most of the flow turns 
and follows the barrier. Experience at the old 
railroad embankment near Kapoho and at the 
Yamada barriers, in 1955, clearly indicates that 
the lower part of the flow largely controls the 


direction of movement of the whole flow. A 
well-placed barrier can be confidently expected 
to turn the initial flow of a group, even though 
it is considerably thicker than the barrier is 
high. Once the flow is turned, the main chan- 
nel will develop parallel to the barrier, but 
probably several tens of feet distant from it 
because of the cooling effect of the barrier and 
frictional retardation of the edge of the flow 
against the barrier. 


If the flow continues for a long period, the 
walls confining the main channel may build 
up to form natural levees rising to a level 
higher than the barrier. A breakdown of the 
levee could then release a flood of lava over 
the barrier, possibly establishing a new flow 
course over the barrier in addition to, or even 
instead of, that parallel to the barrier. Such 
breakdowns and lateral floodings are common 
near the vents, especially on steep slopes and 
where the channel makes an abrupt bend, but 
they are very rare on well-established flows at 
a distance from the vents. Provided the angle 
of the barrier to the natural flow course is kept 
small, the danger of such a breakdown of the 
channel levee at a barrier distant from the 
vents is very small. 

More probable is a breakdown of the levee 
near the vents, far up slope from the barrier, 
producing a new major tongue of the flow 
In early stages of eruptions this 1s a Common 
event, and it sometimes occurs even in late 
stages. It may pose by far the greatest threat to 
the success of a lava barrier. If the new flow 
tongue encounters the barrier on the upslope 
side of the older tongue, which is already 
against the barrier, it miay be impounded be- 
tween the barrier and the older tongue, accu- 
mulate until it overtops the barrier, and flow on 
down the mountainside. The ettectiveness of 
the barrier is then partly or wholly lost (al- 
though it may continue to divert the first 
tongue and thus reduce the amount of lava 
advancing toward the area under protection 
Fortunately, it is rare that more than one flow 
tongue reaches a distance trom the vents as 
great (12 or more miles) as that of the pro- 





posed main Hilo barrier from the active part 
of the Mauna Loa rift zone. Once a tongue 
reaches that great a distance from the vents it 
generally is well established as the principal 
flow tongue of the eruption. But the possi- 


bility of a second tongue reaching the barrier 
up slope from the first must be kept in mind, 
and, if possible, means must be provided to 
cope with it. 


BARRIERS PROPOSED FOR HILO AREA 


Barriers Proposed in 1937. The positions ot 
the barriers suggested by Jaggar (1937, 1945 
are shown in Figures 1 and 7. The principal 
barrier was to start at the Wailuku River a 
short distance the Pukamaui Falls 
(where the principal intake of the Hilo water 
system 1s 


above 


miles east- 
southeastward, then turn and extend 5 miles 


located), extend 4 
east-northeastward, ending about a mile south 
of the shore at Keaukaha. This proposed bar- 
rier was intended to divert southward any lava 
flows approaching Hilo along the Wailuku 
Valley or down the slope of Mauna Loa north 
of the Waiakea Homesteads. Two other shorter 
proposed barriers were located higher on the 
mountainside. One extending northwestward 
trom the vicinity of Puu Ulaula, at 10,000 feet 
altitude on the northeast rift zone of Mauna 
Loa, was intended to divert westward flows 
originating on the rift zone above Puu Ulaula 
The other, extending south-southeastward 
from near Puu Huluhulu, in the Humuula 
Saddle, was intended in ettect to shift the Hu- 
muula divide farther east so that flows pooling 
in the flat area just south and west of Puu 
Huluhulu would spill westward instead of 
eastward toward Hilo. 

The plan adopted in the report of the Dis- 
trict Engineer, U. S. Engineer Department, 
closely resembled the original recommenda- 
tions by Jaggar. The barrier close to Hilo was 
to be 46,750 feet long, varying in height from 
20 to nearly 80 feet, with a flat top 5 feet wide 
and slopes of 45°. It was to be built largely of 
material available at the site. At stream cross- 
ings a Cluster of concrete pipes of 48-inch di- 
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ameter laid through the barrier would allow 
water tO pass, but molten lava entering the 
pipes would quickly chill in them and solidify, 
plugging them. At highway crossings con- 
crete underpasses were provided, which could 
be blocked with concrete stop logs when a 
lava flow approached. For further details of 
the proposed construction the reader is re- 
ferred to the paper by Jaggar (1945), and the 
unpublished report of the District Engineer 
For convenience of reterence, some of the 
drawings ot construction design are repro- 
duced in Figure 8. 

Barriers Proposed in 1950. Following the 
1950 eruption of Mauna Loa, concern again 
increased in Hilo over the possibility of dam- 
age to the city by lava flows, and Finch and I 
undertook a restudy of the barrier proposal. 
As a result of the study, we were more than 
ever convinced that barriers would be ettec- 
tive. However, because of the growth ot Hilo 
in recent years, we suggested that the position 
of the proposed barrier might be shifted south- 
westward from that previously advocated. The 
positions of both lines are shown in Figure 7 
The new proposed barrier would consist of 
several segments. The upper and principal 
Wailuku 


River at approximately 3.900 teet altitude 


segment would extend trom the 
east-southeastward about 12.6 miles to a point 
where the lava flow would be guided down 
slope by a natural drainage channel. Farther 
seaward other shorter barriers would direct the 
flow into forest land southeast ot Hilo where 
natural topography would lead it away trom 
Hilo city, harbor, and airport. The total length 
of the newly proposed barriers is approxi- 
mately 17 miles, as compared to 8.85 miles tor 
that proposed in 1940. The new line extends 
south of Kaumana and the Waiakea Waena 
suburb of Hilo, which lie outside the barriers 
of the earlier scheme. It also provides more 
complete protection for the Hilo Airport area 
and the Keaukaha suburb, and protects the 
drilled wells east of the airport, which in ume 
of eruption might prov ide the major source ot 
water for the city. 
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for the 
course of the newly proposed barriers are in- 


The lines indicated in Figure 


tended only as suggestions of an approximate 
route. Their precise position should be de- 
termined by detailed surveys like those made 


by the U. S. Engineer Department for the 


route of the earlier proposed barrier. 

The route laid out by that department in 
1940 takes complete advantage of natural 
topography and crosses the contour lines at 
the maximum possible angle. It would protect 
the harbor and the central part of the city as 
completely as the alignments suggested in 
1950. Only 


justified to protect a larger area are the posi- 


if it is Considered economically 


tions suggested in 1950 to be preterred. 
The lines on the map show the main barrier 
as continuous walls, as was the barrier recom- 
mended by the U.S. Engineer Department in 
1940. An alternative construction, suggested 
by Eaton personal communication, 1956), 1s 
a series of short segments set en echelon to 
each other as shown in Figure 9A. This design 
would provide possible means of confining 


portions of the flow that may spill over any 


— + 


Fic. 7. Map of the area in the vicinity of Hilo, showing the route of the barrier proposed by Jaggar 


surveyed by the I 


in 1950. The latter route is only approximate 


one segment of the barrier, by extending a 
lower segment to a point beyond the spill- 
over. Figure 9B illustrates the way this might 
be done. It should be noted, however, that it 
might not be possible to force the spill-over 
into the channel behind the lower barrier seg- 
ment if the space behind that segment had al- 
ready been occupied by an earlier portion of 
the flow. If the barrier is constructed in short 
echelon segments, it should be started higher 
up the Wailuku River than indicated in Figure 
7, possibly as high as 6,400 feet (about 2 miles 
east of Puu Huluhulu), to avoid building the 
segments at a greater angle to the natural di- 
rection of flow than would be a continuous 
barrier and thus actually increasing the likeli- 
hood of a spill-over. The idea warrants caretul 
consideration in relation to topographic stud- 
ies of greater detail and precision than are 
possible on existing base maps 

Wentworth (unpublished communication, 
1955) has suggested that complete reliance be 


placed on hurned construction of a barrier 
atrer a flow has actually started to advance on 


Hilo. Experience during the 1955 eruption 


4 


S. Engineer Department in 1940; and that of the barriers proposed by Finch and Ma 





PACIFIC SCIENCE, Vol. XII, July, 1958 


x 7|3 . 
¢ roadway > | Tow of sidemait 
ak Fe a ed 


SECTION THROUGH 
TYPICAL BARRIER SECTION CENTER LINE OF BARRIER SECTION THROUGH CENTER LINE OF ROAD 





’ amefe. nerete pip 
SECTION THROUGH 
CENTER LINE OF STREAM 











TYPICAL RAILROAD CROSSING 





PLAN 
TYPICAL STREAM CROSSING 





ISTANCE IN THOUSANDS OF FEET 





i : an 
- 
id + 


trod oF sagarde 








~~ PROFILE ALONG CENTER LINE OF PROPOSED LAVA BARRIER 
“rt oT he ee he TE ee oe eh he eT Te a? 


, 
{ ; 
‘ 4+ + ; 


eeu | es Ge 1 
AVAILABLE CHANNEL WIDTH 
ood 
| 


‘ 


- 
a 
w 
a 
z 
2 
2 
re 
= 
> 
wee 
=) 
tha 
i 
7 
we 
res 
| 
ee 
=x 
oO 
Co 
x 
- 
uaa 
w 
aw 
Zz 
x 
e 
=| 
= 











whan BREA A¥ALABUE 


AREA IN THOUSANDS 
OF SQUARE FEET 





| 

| 

a 

} | ao 

SAREE RBR 

DISTANCE IN THOUSANDS OF FEET 
LAVA CHANNEL AREA 


oe eee ee eee ee 


Fic. 8. Drawings showing construction design, ground profile, height, channel width, and channel volume of 
the barrier designed by the U. S. Engineer Department in 1940. (After Jaggar, 1945, figs. 3, 4 
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Borner esterded to cotch spl over 


Fic. 9 


short segments set en echelon 


A, Diversion barrier consisting of a series of 
B, Manner in which one 
segment might be extended to catch a spill-over from 
the previous segment 


indicates that this is not an impossibility. It is, 
however, less desirable than the construction 
ot a barrier well in advance of the need, be- 
cause work done under such urgent circum- 
stances is likely to be less well done. Time 


may not be suthicient to finish the job prop- 


erly, and it is possible that a flow such as that 
ot 1859 might the mountain so 


rapidly that the barrier could not be built at 


descend 


all. Atany rate, if such emergency construction 
is to be relied upon, plans should be carefully 
prepared and a route tor the barrier chosen, 
so that work can be started without delay or 
uncertainty when the need arises, and the bar- 
rier can be placed properly for maximum effi- 
ciency. Construction of the barrier should be 
started at its upper end, at a point determined 
by the course being followed by the flow, and 


work should progress down slope ahead of 


the flow 

Also, it has been suggested that a network 
ot roads spaced about a mile apart in the area 
of proposed barrier construction be prepared 


in advance and kept clear and trafficable; but 
such a network appears unnecessary. Instead, 
a truck trail might be opened by bulldozers 
along the route of the barrier itself, both to 
serve as an access route and to mark clearly 
the line along which the barrier should be 
built when the emergency arises. Even if con- 
struction of the barrier is deferred, the route it 
is to follow should be marked as soon as pos- 
sible so that under emergency conditions con- 
struction can proceed with minimum delay 
and along the correct line. 

Present Views on Construction Methods. De- 
velopments in construction machinery, and 
experience with barrier construction and op- 
eration during the 1955 eruption, have made 
it apparent that barriers can be built much 
faster and cheaper than previously believed 
Actually, the barrier need consist only of an 
elongated heap of rubble, obtained locally 
and pushed into place by bulldozers. Rock 
fragments should predominate, but soil and 
plant debris, even large tree trunks, may be 
incorporated. The use of excessive amounts of 
vegetable materials probably should be avoid- 
ed in a barrier built in advance of the erup- 
tion, because such material will eventually rot 
away and allow the heap of rubble to slump, 
possibly requiring repair of the barrier 

There is no need of maintaining side slopes 
of 45°, or of careful dressing or smoothing of 
the slopes. Loose material pushed up to the 
required height will settle into equilibrium 
slopes probably between 30° and 40° from the 
horizontal. Such slopes are wholly saitstactory 
so far as performance of the barrier is con- 
cerned. For convenience in Construction, it 
may be desirable to build the uphill slope 
somewhat flatter, so that the bulldozers can 
convey their loads to the top of the barrier 
more easily. 

The material for construction should be 
obtained entirely on the upslope side of the 
barrier. This has the advantage of somewhat 
deepening the channel created on the uphill 
side, tor any given height of wall; and just as 
important, of clearing a wide swath (at least 
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500 feet wide) along the barrier to provide a 
path of easy movement for the lava. 

No better design for stream crossings has 
been found than that suggested by the U. S. 
Engineer Department in the 1940 report. A 
bundle of concrete pipes 24 to 48 inches in 
diameter should be laid parallel to the stream 
course, and anchored in place with concrete. 
Above these, the barrier may consist of the 
same loose rubble as elsewhere. 

Concrete underpasses, with concrete stop- 
logs, have been suggested by the department 
for highway crossings. An alternative, and 
much less costly method, would be to leave a 
gap in the barrier for the highway to pass 
through, and provide a pile of loose rubble 
near one side of the gap that can quickly be 
pushed into place by bulldozers, thus closing 
the gap when the flow approaches it. One ad- 
vantage of the barrier proposed in 1950 (Fig. 

is that no special crossing structure is re- 
quired at the highway between Hilo and Olaa. 
One segment of the barrier ends just up slope 
from the highway, natural topography then 
guiding the flow across the highway to a point 
where it will be controlled by the next segment 

A flat top on the barrier is unnecessary, 
though it would do no harm. It has been sug- 
gested that the barrier might be built with a 
flat top broad enough to accommodate either 
a one- or two-lane highway. However, this 
would add greatly to the cost, both because of 
the much greater bulk of material that would 
have to be obtained and put in place, and be- 
cause of the higher standards that would have 
to be set for the material and the greater 
care that would have to be used in construc- 
tion. To successfully divert lava flows, the bar- 
rier need not even approach the standards 
necessary for a highway fill 

The precise height of barrier needed can be 
determined only by detailed surveys. The bar- 
rier must be higher than average where it 
crosses depressions, but can be lower where it 
is superimposed on natural ridges. The height 
of the barrier designed by the U. S. Engineer 
Department in 1940 averaged about 40 feet 
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for an available channel width throughout 
most of its Course of approximately 3,000 feet. 
The height was determined by the cross- 
sectional area of the channel behind the bar- 
rier that was considered necessary to contain 
a lava flow of the dimensions that might rea- 
sonably be expected to enter the area. Logi- 
cally enough, the problem was approached on 
the basis of hydrodynamics, assuming that the 
lava would behave much like a stream of water 
As noted ear- 
lier, however, we now realize more clearly that 


under the same circumstances 


lava does not behave wholly like water. The 
sides of the flow rise steeply to heights of 
many feet above the surrounding terrain or 
above a restraining barrier. It is therefore not 
necessary to build a barrier to a height equal 
to the full depth of the lava flow it is intended 
to divert. I believe that a barrier with an aver- 
age height of 25 to 30 teet following the 1940 
alignment would be adequate 

CONCLUSIONS 


As a result of the foregoing considerations, 
I believe (1) that lava flows are certain to enter 
the city and harbor of Hilo eventually unless 
something is done to prevent their entry; (2 
that they can be successtully diverted from the 
city and harbor by properly located and con 
structed barriers; (3) that no other method can 
be relied upon to divert the flows; (4) that 
construction of the barriers in advance of the 
eruption is preferable, but that barriers prob 
ably can be constructed in time even atter the 
flow has started to advance toward Hilo; (5 


that the barriers need consist only of loose 


rubble obtained locally and pushed into place 
by bulldozers; and (6) that the barrier align- 


ment proposed by the U. S. Engineer Depart- 
ment in 1940 is adequate to protect the center 
of the city and the harbor, but an alignment 
farther southwest is necessary if it is desired to 
protect all of the city 
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NEWS 


Index to Plant Chromosome Numbers 


The need for up-to-date coverage of the 
literature dealing with plant chromosome num- 
bers has led to an undertaking designed to 
compile and publish in annual installments a 
chromosome index for the entire plant kingdom. 

This is being done by a group of botanists 
who are reviewing some two hundred journals 
and are listing all original chromosome counts 
occurring therein, except those resulting trom 
endopolyploidy or deviating because of experi- 
mental treatment. 

The first issue, in part supported by a grant 
from the University Research Council of the 
University of North Carolina, will be ready for 
distribution in May, 1958. It will cover the 
1956 journals, from which over 2,000 listings 
have been taken. It is being produced by offset 
process, 82 x 11 inches, on paper punched for 
loose-leaf binders. The price is $1.00. Advance 
orders would be helpful in determining the 
number of copies to print. Orders mast be 
accompanied by payment and may be sent to 
C. Ritchie Bell, Department of Botany, Uni- 
versity of North Carolina, Chapel Hill, North 
Carolina. 


International Oceanographic Congress 


The American Association for the Advance- 
ment of Science, in cooperation with UNESCO 
and the Special Committee on Oceanic Re- 
search of ICSU, is planning and organizing an 
International Oceanographic Congress to be 
held during the period from 30 August to 12 
September 1959 at the United Nations Building, 
New York. The Congress will be devoted to 
the fundamentals of the marine sciences rather 
than to their applications, and will be centered 
around five symposia on the oceans 

The history 

The boundaries 

The deep sea 

Dynamics of organic and inorganic sub- 
stances 

The marine life regime 


NOTES 


Each topic tor a symposium will be con- 
sidered for two consecutive days. Three invited 
lectures will be given each morning. The after- 
noon sessions will be organized around the 
morning topics, either in round-table discus- 
sions, in seminars, or in a series of papers 
eral groups may run concurrently. Papers for the 
afternoon sessions will be selected from those 
received in response to this and subsequent an- 
nouncements. Not all papers which have been 
accepted will actually be presented, but all ac- 
cepted papers will be available at the meeting 
in mimeographed form. Titles and abstracts 
should be submitted as soon as possible and in 
no case later than | February 1959. The com 
pleted papers must be submitted by | May 
1959 in order to allow time for duplication and 
distribution to the participants in the atrernoon 
meetings well in advance of the meeting. All 
papers must have an abstract in a second 
language of the Congress. Papers may be pre- 
sented in English, French, German, Russian, or 
Spanish. Simultaneous translations will be 
available for at least some of these languages 


Sev- 


The organizing committee expects that con 
temporary in the marine sciences, 
rather than reviews of older published work 
will be presented under these broad topics. It 
is hoped that the younger staff members of the 
various oceanographic laboratories around the 
world will be encouraged to attend and to take 
part in the Congress. In order to assist 
their attendance, the committee hopes to obtain 
funds to help defray the travel expenses of these 
younger participants. The committee also hopes 
to be able to contribute towards the travel ex- 
penses of the invited speakers at the morning 
sessions 


advances 


with 


This notice should be considered as prelimi- 
nary. Until further notices are issued, titles and 
abstracts of papers, which are publicly solicited 
by this notice, and any other correspondence 
should be sent to: 


Dr. Mary Sears, Chairman 
Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts, U.S.A 





utively numbered in upper right-hand corner. Sheets 
should not be fastened together in any way, and should 
be mailed flat. Inserts should be either typed on 
separate sheets or pasted on proper page, and point 
of insertion should be clearly indicated. 

Original copy and one carbon copy of manuscript 
should be submitted. The author should retain a 
carbon copy. Although due care will be taken, the 
editors cannot be responsible for loss of manuscripts. 


Introduction and summary. \t is desitable to state 
the purpose and scope of the paper in an introductory 
paragraph and to give a summary of results at the 
end of the paper. 

Dictionary style. \t is recommended that authors 
follow capitalization, spelling, compounding, abbre- 
viations, etc., given in Webster's New International 
Dictionary (unabridged), second edition; or, if de- 
sired, the Oxford Dictionary. Abbreviations of titles 
of publications should, if possible, follow those given 
in U. §. Department of Agriculmure Miscellaneous 
Publication 337. Examples of the usual abbreviations 
are to be found in Pacsfic Science. 


Footnotes. Footnotes should be used sparingly and 
never for citing references (see later). When used, 
footnotes should be consecutively numbered by su- 
perior figures throughout the body of the paper. Foot- 
notes should be typed in the body of the manuscript 
on a line immediately below the citation, and sep- 
arated from the text by lines running across the page. 

Citations of printed sowrces. All references cited 

should be listed alphabetically by author at the end 

of the paper, typed double-spaced. References to books 
and to papers in periodicals should conform to the 
following models: 

BATZO, RODERICK L., and J. K. RIPKIN. 1849. A 
treatise on Pacific gastropods. vii + 326 pp., 8 figs., 
1 map. Rice and Shipley, Boston. 

CRAWFORD, DAVID L. 19204. New or interesting 
Psyllidae of the Pacific Coast (Homop.). Ens. News 
31 (1): 12-14. 

19204. Cerotrioza (Psyllidae, Homoptera). 
Hawaii. Ent. Soc., Proc. 4 (2): 374-375. 

ROCK, JOSEPH F. 1916. The sandalwoods of Hawaii; 
a revision of the Hawaiian species of the genus 
Santalum. Hawaii Bd. Commrs. Aer. and Forestry, 
Div. Forestry Bot., Bul. 3: 1-43, 13 pls. 

In the text, sources should be referred to by author, 

date, and page, as follows: “It was noted (Rock, 

1916: 18) that...” or “Rock (1916: 21-24) 


says .. 


Quotations. Quoted matter of fewer than five printed 
lines (about 200 characters) should be given in the 
text in the usual form, using double quote marks. 
Longer quotations should be set flush with left 
margin. The author is responsible for the accuracy 
of quoted material. 


Numbers. Decimals, measurements, money, percent- 
ages, time; enumerations in which any figure is 10 or 
over; and isolated enumerations of 10 and over should 


be given in Arabic figures, rather than spelled out, 
except when the number begins a sentence. 
ILLUSTRATIVE MATTER 

Only the minimum number of illustrations re- 
quired to supplement the text will be accepted by 
the editors. Reproduction costs of illustrations in 
excess of the number allowed by the editors will be 
paid by the author. 

Illustrations should accompany manuscript, on sep- 

arate sheets. Often more valuable than a photograph 
is a good line drawing, which may be reproduced by 
the zinc etching process. 
Figures and grapbs. Copy for figures and graphs 
should always be drawn large enough to allow for at 
least one-third reduction by the engraver. Copy 
should consist of carefully prepared line drawings in 
one color only, drawn in India ink on plain white 
drawing paper or tracing cloth. Co-ordinate paper 
with lines in light blue (a color which will not show 
in a photograph) may be used; but co-ordinates which 
should appear in the finished graph must be drawn 
in India ink. If original figures may not be con- 
veniently submitted with manuscript, duplicate rough 
sketches or photographic prints may be furnished to 
aid the editors in their decisions. 

It is strongly urged that an indication of scale be 
incorporated as a part of all drawings in which 
magnification and size are critical considerations. 
Photographs. Photographs should be chosen for clarity 
in portraying essential information. They should be 
printed for contrast, on glossy paper, and should be 
sent unmounted. They should be identified with serial 
number written in soft pencil on the back to corres- 
pond with list of captions. 

Illustrations will be returned to the author. 
Tables. Tabular matter should be kept to a minimum. 
Each table, prepared to conform with Pacific Science 
style, should be typed on a separate page, and its 
position indicated on the manuscript. 

Captions. Readily identifiable captions for figures, 
gtaphs, photographs, and other illustrative matte: 
should be supplied on a separate page. 

PROOF 

Proof should be corrected immediately and returned 
at once to Mrs. Marion P. Goddard, assistant to the 
editors. Authors are reminded that the editors will 
allow only a minimum number of corrections on 
galley proof. Additions to the printed text and 
changes in style and content are not permitted. 

All queries on proof should be answered. If 
corrected proof is not received within four weeks 
after being sent to the author, author's changes can- 
not be accepted. 

REPRINTS 

Reprints or separates should be ordered on the 
form provided and returned with author's proof. A// 
correspondence concerning separates must be directed 
to the printer, The Advertiser Publishing Company, 
Ltd., 605 Kapiolani Boulevard, Honolulu, Hawaii. 








